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ABSTRACT 

Presented is book two in a series ox six books in the 
University of Illinois Astronomy Program which introduces astronomy 
to upper elementary and junior high school students. This guidebook 
is concerned with how celestial bodies move in space and how these 
motions are observed by astronomers. Topics discussed include: a 
stud5 of the daily motion of the sun, the moon, and the stars; 
motions of the planets: moving models of the solar system; Kepler's 
law of planetary motion: and the motion of stars, starpairs, and 
galaxies. CDS) 
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INTRODUCTION 



The Univeusity of Illinois Astronomy Phogram is a series of six 
books that introduces astronomy to upper elementary and junior liigli- 
school students in a unique way. Tlie program represents a complete 
restructuring of traditional descriptive school astronomy into a course 
of study based on selected major concepts lliat are pursued in depth. 
These basic themes of astronomy have been picked by professional 
astronomers to give cliildren fundamental and accurate information 
about the solar system, the stars, and the galaxies. 

Two subsidiary elements are reflected in this protj;ram's ap|)roach to the 
teacihing of astronomy. First, there is a strong flavor of history ihrougli- 
out the books. Not. only are fundamental concepts presented, but stu- 
dents also learn the way in which these concepts were uncovered by 
astronomers down throut,di the centuries. Secondly, the interdisciplin- 
ai7 nature of astronomy is rei)eate(lly emphasized. Yourstudents will ap- 
ply principles from several of the physical sciences as they study these 
books. They will also discover that mathematics is a tool of science. 

Major concepts in each book are explored primarily through numerous 
student activities as well as through the development of models that 
explain astronomical phenomena. The physical and mathematical under- 
pinnings of each book are developed in the early chapters. Later chap- 
ters are then devoted to the application of these principles to a variety of 
areas in astronomy. Within each book, the development is from simple, 
basic ideas to an understanding of the concepts and principles which 
the astronomer has established. 
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has Iummi a vast acfiiiisilioii of lunv kM()wl(Mlp;(^ hy aHlronoiu(M\s in 
llwi pasl lhr(M^ (l(M:a(l(^H, and llu^ fronluM's of aHironoiuy arr (expanding al 
an iiicrraHiup vi\U\ Man is Irarnini; wnnv ami nioro ahoul llu? naliin* of 
lln^ univtM'H(\ Tiik llNivKHsrrv ok Illinois Asthonomy Piiocjiiam is 
signrd (o giiido yonr slnd(Mils lo a fiillor iindorslanding of llns nniv(M'se, 

An Outline of the Program 

Tlu? l(dlo\viM<r |)()ok-l)y-l)ook summary of Tiif. Univkhsitv of Illinois 
AsTHONOMV I'mxjUAM will give yon an overview of llie S('0])e of tlic 
scries. 

Book 7, CiiAirriNc; tiik Univkhsk, inlroducos the student to tlie nieasnre- 
nuMit of si/cs and (hstanccs of astroncnnical olijccis so that a slalicsnaj)- 
shot incxh'l of the nnivcrsc can he (h-vrh)|)cd. Mook I inchnh's: 

* Thr nica^inrcnu'nt oi an»;l cs and thr pnipcrtics (>ririan»;h'san(l scah* 
(ha\\in<i;s. 

* 'Y\\c usr of trian«;nhnion to find (HslaMcrs on earth, lo the mo(ni, 
and lo the stars. 

* An«;nhu' (Hanwteis as a nwans of determining the si/t's of the snn, 
the moon^ and the jdanets. 

* The inverse-s(|nare hiw (U li>;ht as a tool for h'in'nin*; (hstanees to 
slars and «:;ahL\ies. 

Book 2, The Universk l\ Motion, is concerned wiih liow celestial 
hodies move in space and how these motions are ohserved by astrono- 
mers. Book 2 includes: 

* A study of the daily motions of the sun, the moon, and the stars. 

* The motions of the planets. 

* Moving models of the solar system. 

* Kepler's laws of planetary motion. 

* The motions of stars, star-pairs, and galaxies. 
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Hook iV, CfHAVitation, inv(^4lij!;ul<\s llin viwrn^n of roloHlial molion and 
oxumiiioH ill doiuil llu> Inw.s ilitii apply In al! inovinp ihiuRH in iho uni- 
vtM'so. Rook 3 iiu'luilos: 

* Tlio basic concciils of acrohM'alion, forns ami mass. 

* Gravily al llio earlirs surfaco. 

* Newlou's universal law of pravilalion. 
^ Orldlal pallis noar llio carlh. 

* The molions ami masses of planela and stars. 

Book 4, The Message of Starmciit, turns to the analysis of light as an 
essential clue to nnderstaudiug astronomical jilienomeua. Book 4 iu- 
chides: 

* The behavior of light. 

* The wave model and the particle model of light. 

* The electromagnetic spectrum. 

* The role of spectra in determining stellar temperature, size, ami 
chemical composition. 

* The origin of light and the Bohr model of the atom. 

* The Doppler effect as an aid to understanding the motion of stars 
and galaxies. 

Book 5, The Life Story of a Stah, discusses the interior of stars, their 
source of energy, and their evolution. Book 5 includes: 

* The physical properties of the sun. 

* Models of the solar interior, using known physical laws as guides, 

* The source of solar energy. 

* Properties of other stars — dieir luminosities, temperatures, and 
masses. 

* Stellar models and die evolution of stars, 

* Tlie birth and deadi of stars. 
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known unils of \\\\\\W{ \\\\\\ nHlroiionuM's Iimv(^ (liscnviMMMl, \m\ invi^Hiifijalim 
lh(^ iu'rjinf^<Mn<Mil \\\\\\ nioliou of \\\ uuiv(M'rt('. Hook () incliidoH: 

* 11io honif \\{\\\\\y lis conliMils, lis an'hilorlin'c, ioul llio niolion of 
slurs wilhin il. 

* OlIuM' lypoH of [j;nln\ipH. 

* Tlir arninfi!«Mu<Mil of fj^ahiNios in llio nniv(n'H(\ 

* Motions of galaxies. 

* (Cosmology, 

Suggestions for Using this Guidebook 

Yon will find this giiidohook idlows yon n groat deal of floxihilily in 
proseiiling the inalorlal lo your class. Yoii nro urged to use it in a ^vay 
thai best suits your particular elass, the time allotted for a partieidar 
unit, and your own methods of teaching. Since diis astronomy material 
will he new to your stndents, you will want to study (*are fully hodi the 
student's edition and this guidehook hefore preser\ting a miit to your 
class, 

A synd)ol consisting of n triangle, a circle, and a stjuaro identifies each 
student activity. The activities are performed with simple, readily 
ohtainahle materials. But they rctpiire (\ireful performance. Try each 
activity hefore it is encountered hy your pupils. Anticipate die ([uestious 
and problems your pupils might have as they work through the activities. 

Questions raised in the pupil's hook that require specific answers are 
discussed and answered in the guidehook. You will note, however, that 
many questions are designed to stimulate interest and thought on the 
part of your students, often as a bridge to the next topic. You AvilK of 
course, find no specific answers to these questions. 

Each chapter of your guidebook is laid out in a consistent arrangement 
that will lead you easily through the material in the student's I- ' 
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riio ('liiipltM'.s ill ihin fijuitln im» dividiMl in ihin ninmiiM'! 

* An niMMunn piinif^nipli w\\<'^ ynii ii cnnriM^* i)vo.'vinw of llir I'liiiplnr. 

* Tlio nwiin idouh nl' ilu* rlmpinr mv \UWi\ In v\i\y\i\ lor ynn lln' nmjnr 
tMuuM^pIs, Ii is no! iiihMnl<Ml ihiil lliis lisi |m« nuMnnri/nd liy \{)\\y 
pupils. 

^ A lisiin^ suHf^oHicil niiilcriiilH inrhnlm ihoso iicnis n(M»(l(Ml fur llm 
iiclivilipH in llu* pnpiPs honk. 

* Suf^f^rslionn lor Irin'liinf^ iwv arriuif^od lo fullosv iIk* Hr«pM'nc(» ol' 
sr(»lio!is wiliiin llio riuiphM'. In nil (wisos in lliis (j;ni(lo, llir pa(i[(» rclVr- 
(MU'cs WW lo pnf^cs in yonr sludonis' hook nnlcss il is spiM'ifu^tl tho 
rtilVrcncc* ndors lo anodicr piif^r in lliis pjuido. 

* Al iVcipicnl inltn vals sliorl sociions of Imcki^ronnd hjfornuilion nro 
inlrodnt'i'd lo provide midilional nuilcrial for oxUMision of your 
knowhulgo. 

^ ("Joidolincs lo help yon dirtM'l llu» sludonl aclivilios art^ idoolifiod by 
tlie aclivily syinhol as well as hy a page rpfrrcnro lo llio aolivily in 
llui pupiPs hook. WIhmi ro(piiml, ihrso sccUioiis of iho guides provide 
answers, eonipleled lahlfs, or fndshed diagrams, 

* Most ehaplers eonehide wilh a group of suppleinenlary aelivilies, 
eaeli one keyed lo a speeifie page in iho pupil's hook. Supple- 
mentary activities arc helpful reinforconienls or extensions of con- 
ce])ts already treated in the lexl. Ifowever, ihey ai'e not essential; 
use them at your discretion. 

* The hook concludes with a guide lo the pronunciation of the proper 
names found in the pupil's hook and in the guidehook. 
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CHAPTER I 



TIME AND MOTION 

This ihinuhh'iiM'v <"luiplri i^^ inhMMltMl U\ iimkp iumiiv lltal p\im>- 

crlc^liiil nhjrrh liiis nmipipd aslionomei's sjiuM' iiiiri(M)l liilirs, 

Main Iclons 

1. Mvorylliinf; in Ihr uni\n>>r iimsrs. 

2. The iinistM>^r i'liiiti|>c^ lit)u» f^ocs hs. 

Suggested Materials 

.sp(*(MMl iiiatcrials* ti(M<(l('(l lor this rhaptrr, 

Suggestions for Teaching 

This chapter shouhl Uv read and (hscusscd hiiclly. The (|ursti()us arc 
merely to slimidate ihiiikiii^j; and (hseussion and are not (h>si*j;ne(l to 
(dieil .speeilie answers. l\ uouhl h<' wist* lo phni to move into th<' next 
ehapl(»r (hiring the lirst ehiss perio<l. 
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CHAPTER 2 



FROM DAY TO DAY 

pages 9-26 

The most rt'adily appartMil motions s(»eM in the sky are (he motions of 
the sun, the moon, and the stars. To learn more ahoiit these niolions it 
is necessary to hx'ate ihe hotHes aecurately in space, hi this chapter 
students deveh)p new skills in estiinatinti; and measuring the positions 
ol celestial ohjects. They construct and use instruments to measure the 
hearinfi; and elevation of the sun and moon. They discover similarities 
in the motions of the sun, the moon, and the stars as the earth rotates 
on its axis oiu e every day. 



Main Ideas 

1. The sun's position and apparent motion can he estimated hy oh- 
servintr its compass direction, or bearing, and its angular height, or 
elevation, al)ove the horizon. 

2. Changes in the hearing and elevation of celestial ohjects are im- 
portant clues to their apparent nu)tions. 

3. Tlie sun and the moon appear to move along similar paths across 
the sky. 



Suggested Materials 

magnetic compass dowel stick or pencil spool 
Hat, square piece of l)oar(l or stiff cardhoard 
lengths of string protractor graph paper 
glue globe weighted string straws 



Suggestions for Teaching 

ESTIMATING THE DAILY MOTION OF THE SUN 

pages 9-12 

The central purpose of the (piestions on page 9 is to elicit student's 
o.: i. rvation or hunches. 
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Students cire asked to reccill what they ktiow al)()Ut the sun's af)parenl 
tnotions. Most stndetits will know where the sun rises and sets, l)Ut 
there is a ^ood chance that they have over^eneralized about tlie posi- 
tion of sunrise and sunset. Tliere are, lor example, seasonal variations. 
The sun rises sonu»whut in the northeast in summer and sornewliat in 
llie soutlieast in winter. It is essential tliat students be helped to realize* 
thill the motions with whicli tliey an» familiar nuiy app(»ar different 
from other points on the (»arth. 

W hen ohservin»^ the suti's position, studetits should simply glance 
(piickly in the direction of the sun and not look directly at (he disk, 
Snnti;hisses, photojiraphic negatives, atul smoked ^lass are not adequate 
protection for direct viewint^ of th(* sun. The students should stand in 
tlie same [)hice eacli time they make sk(»lchcs of tluMr ol)servations dur- 
ing di(» day. Tlicy slioidd include landmarks such as trees, houses, a 
lla^pole, or other lixed ol)j(MMs. 

Page 10 Tliis lir^^t activity is itUended to iucrease childretrs 
skill in lindin^j; directions of the compass. Let differetU children 
answer tin* (jucstions and cotnpare tluMr "labels" (uortli, east, 
southwest, etc.) without any previous discussion of compass di- 
HM'tion. Tlif»n h^ them clu^ck (*aeb otluM* witli compasses. Kitudly, 
liave tlicm use compasst^s to become more accurate in indicating 
dir(K!tions to ol)jects in the classroom or outdoors. 

[^3^ Pages 10-11 The purpose of this activity is to develop cliil- 
dren's al)ililies U) make estimates of tin* fractional distaiu'(* of an 
obj(»ct b(4w(*(Mi th(* liorizon and tlie zenith. Cluldren should liave 
praelic(» outdoors with treetops, st(M*f)les, llagpoles, and other high 
objects. Kncourage tlu»m to mak(* comparisons oi e»stiinatt»s. Dis- 
cuss possible sources of error in tluMr (estimates. (W(M*e the ob- 
serv(M*s standing in tlu* same place? Were tlu^y each ()l)seM*ving die 
same thing? Was the object in motion relative* to tlie observer? 
How well can we estimate* fractious of a distance*?} 



Page 11 To le)cate an e)bjee-t e)r a s[)ecific point e)ri the e'arth or in 
space, two f)ieces e)f elata are neenled — ce)mpass direM;tie)n and 
angular height. The directie)n e)f the te)p and be)ttoni e)f the flagpe)le 
will be the same, but the ungular height for each will be different 
with respect te) the he)rizon. The be)ttom will even be slightly bele)W 
the he;rize)n line. Can the children think e)f any point that can be 
lex'aleel by knowing just the direction or just the height? (The 
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zenith and its opposite, the nachr. The center of the earth is 90° 
hehjw the horizon, hut has no specific! bearing.) 

Page 12 To obtain a more complete record of the sun's motion, 
estimates of position shouhl be extended to include the hours 
before and after school. In this way early morning and late after- 
noon estimates will provide a good deal of information. 

The sun rises in the east, but somewhat north of east in spring 
and summer and somewhat south of east in fall and winter. As 
seen from the United States, it is highest in the sky around noon 
(but not in general at noon). And it is due south when it is highest. 
After dark the sun moves down and to the right until about mid- 
night, when it is due north and far below the horizon. Then it 
moves upward and right, still under the northeast horizon, until 
It rises the following tnorning. 

Two months from now or at some other time of the year the sun's motion 
will be generally the same, but will differ in detail as can be seen' in the 
diagram below. The diagram is valid for a person in the middle lati- 
tudes of the United States, 



a June 21 

b March 21 and 
September 23 
c December 22 




MEASURING THE POSITION OF THE SUN 

pages 12-21 

Page 12 The essential feature of a gnomon is that the stick must 
be vertical; it must point straight up and down. Gravity defines 
the direction up and down, and the w^eighted string helps deter- 
mine if the stick is vertical. 

The gnomon will be used for many activities in The Universe in Motion. 
It is desirable for each student to have his own. 
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Rearing is tl»e ati^ular distance in relation to true north, stated in 
degrees. Tor example (page 13), the coinpas.s direction when you lace 
due east is 90°. Due south would he 180°. Technieally, hearing is known 
as azimuth. 

When tile sun is soutluvest its hearing is 22S°. The siui's approximate 
nootUitue hearing is 180°, or south. At midnight tlu" sun's hearing is 
approximately 0°. 

For additiotuil practice in measuring l)earing set' Supph"itU'tUary 
Activity 2-1. 

At niglu Polaris (the North Star) is a reasotud)ly accurate indication 
of true nortli. Although Polaris actually moves in a circle every 24 
liours, tlu" circle is very sttudi — al)out one degree in radius. Asa result, 
the hearing of Polaris is always very close to 0°. 

Page 14 If tlu* north ttiagnetic pole is not print("d on tlu" (»lass- 
roorn glolx", it can he located at latitude 7 i° tiorth, longitude 101° 
west. F'urtlier inlorttuuion ahout tlic locatioti of tlie magnetic poles 
may l>e loutul in an almanac. 

This activity f)rovi(les students with the opportunity to estimate the 
angular distance hetween true north and magnetic north. This 
dilference i.s known as magnetic declination. 

When stretching the strings tlu'ougli tlu" honu' town atui each of 
the north poles (Wuc and amgtu'lic) it will he lielpful if lh(» strings 
are held firrtdy in position, hi order to protect the smface of the 
glol)c, use rul)l)er cement ordy. Make sure tluU the protractor is 
placed carefully in position hefore the angle is ttteasured. 

Geographic North Pole 
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Ihw'v several teams of stuflents measure the aijjr|e. Compare 
measureiTients. Is a (lifferenee found? Ask students if they can 
explain why the ineasurenjents are not all alike. 



As a test ol aeenraey of measurement, students ean he referred 
to an almanac. Tahles of matrnetic dcclinalion irjve 
inlormation for a nnmher of cities. 



precise 



Your students will he iisin- the declination an^de to find true north. 
The compass can he set up as shown in the diagrams here. 



true north 




true north -^1 5,/, 




II the north magnetic pole is 13° east of the north ^^eo^'raphic 
pole, the situation resemhles the picture on the ri^ht. 

If the north ma^'netic prle is 18° west of the north geographic 
pole, the situation resemhles the picture on the left. 

Page 15 To find the hearing of the sun, slowly slide the compass 
into position so that one edge of the shadow passes through the 
pivot of the compass needle. Note in the diagram helow that the 
edge of the shadow passes through the center of the needle. The 
Ix^aring ol the shadow is measured in degrees marked on the 
roselte ol the compass. 

true north 
magnetic north » l^^<?° 



shadow 




For prciclice in tnecisuring ihe hearitig of objects cirul iheir shadows see 
Supplemetilaty Activity 2-2. 



I'siuir ihc «!;tiotn()ti atui roscllc piovi(h's another niclhod of rncasitrinir 
the sun's hearing. See Snpph'inenlary Activity 2-.*^. 

The (jiiestions ill the paragraph ahove the ilhistration on page 15 are 
inl("n(l("(l as h'ad-itis to the following activitv. 

[^) Page 15 This activity tneasuring the height of the suti in the sky 
is a hrief introduction to the concept of angular elevation. In the 
a(*livily students construct similar triangles of th(" k\\u\ shown 
helow. These cotistrnclions inay he ttiade with pencil, ruler, and 
protractor. Make sure the line representing the vertical sti(!k is 
perpendicular to die hase litie of the triangh\ Using graph paper 
for this activity arid tor those that follow will assure the construc- 
tion of rij^ht angles. 



from gnomon . . . 

stick - 



I 

height of stick 



measure this angle 



. . to graph paper 



angular elevation 

Suj)plenientary Activity 2-4 provides practice in measuring angl("s of 
(dtnatioti. 



In ihe last paragraph on page 15, tlie students are asked to predict and 
lest angles oi elevation IVoni evidence ahout shadows. Kucourage them 
lo eslitnate their aiiswers and then to design a test to see if their 
estimates an* accurate. With no shadow the sun will he at the zenith. 
Its elevation will he 90°. When the shadow is as long as the stick, the 
sun's elevation is 4.5°. When the shadow is infinitely long, the sun must 
he on the horizon, its cle -tion is 0°. 

The word elevdtion is used here in a new context. Students tnav he 
familiar witli elevation as a linear measure of lieight in itudies, feet, or 
miles. In the context of astronomy, eleraiion refers to the angular 
measure of distance in degrees ahove the celestial horizon. Astronomers 
also use the term (iltitude for tlie angular measure of distatice in 
(legre(*s ahove tlu* celestial horizon. 
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Earli(M* in this cliapter (|)ag(» 10), your students learned thai tlie point 
direetly overlu^ad is [he zenith. Now on pa^e 16 tlu-y hav(* found that its 
elevation is 90°. At sunrise the (^levatic^i of the sun is 0°; it is on the 
horizon. If the sun is two-thinhs of the way from the horizon to the zenith, 
its eh^vation wouhl Ix* two-thirds of 90°, or 60°. 

iStU(h»nts MHist think of IIk* horizon as if there* were no hills, tu^es, or 
huil(lin«!;s ohstruetiu^ tiuur view. Tlu^n they an* usin^ tin* celestial 
horizon as a puiut of reh^renee, not the visible horizon. 

\ou may use Supplementary Activitii^s 2-5, 2-6, and 2-7 at this point. 

Scale drawings of tlu* Kiflcl Towci's (*lcvation as dcscrilK^I on pa^i* 16 
may he made hciv. See Supph^nuMitary Activity 

Tiie important point that should Ix* stressed in this section is that both 
hearing and eh^valion an* necessary for the accurate location of an 
ol)j(*ct in tht^ sky. 

Page 1 7 To ludp nmasure the an^ile al the tip of the shadow, use* a 
lentj;th ol striu*;. It is mounted as shown helow. 





Tlu* string is ludd in position hy tape. Note that om(* (*nd of the 
string is taped exactly at tiie cud of the shadow. The other is taped 
[o tlu* top of tlu* stick, [^lace a protractor in position next to the 
string with its center point at tlu* top of tlu* shadow. The elevation 
can he read from the proti*a(Mor. 

Page 17 To find th?' hearin^^ and elevation of the sun at different 
tinu's during a day, students will have to find a level spot that is 
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likely to be sunny all day. The spot should he one in which the 
f^nonions will remain un([istnr[)ed. 0[).servations shonid l)e made 
every liour. 

After the j^nomon is plaeed in position, the hearin*^ of the shndow 
ean he measured. At the same lime the length of the sluidow simnid 
he measured so tluU the angular elevation ean he caleuUited later 
using similar triangles. To nuike a mark of the tip of the shndow, 
press ii thumi) tnek into the wood l)ase. After several observations 
the gnomon might look like the one in the illustnition l)elow. 




Instead of tiieks, small stones or chiy l)alls ean he used for the 
same purpose. A nunil)er of these ol)servations should be made 
over a period of several clays. Students will find that the l)eariug 
and elevation of tlie sun at a speeifie hour (diange little from 
day to day. 

Using the [)earing and elevation for eaelj hour, students ean try to 
make estimates of where the sun's shadow will he at otiier times. Com- 
parison ol hour-todiour changes will show the amount of change in 
l)earing and elevation for each ()[)servation period. 

BACKGROUND INFORMATION Although students may imagine the 
shadow will he shortest at noon, this ma y not be true. The length of the 
shadow at noon is injlueneed by several factors, such as location in the 
time zone and the time of the yean In contrast, the bearing of the shadow 
when it is shortest is always 18ff as seen from any point in the middle 
northern latitudes, 

II viewing conditions are unfavorable for s(»veral days, students may use 
tlie data found in Su|)plementary Activity 2-9. 
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Page 18 At least six rotulinj^s should he used in this activity to 
set up th(? sun plot oti the j^raph. Tliey should be recorded at even 
intervals Irotn sutirise to sutiset durin<^ one day. Have the stu- 
dents enter eaeh n^adinj^ hy tnarkinj^ dots on the j^raph in consec;- 
utive order— the first dot on the lel't indicating tlu? sun's jxjsition 
at the first ohservatioti in tin* itiorninj^. Tin* observation time 
should he recorded ti(»\t to each dot. 



H\' rererrinj; to their j^rajihs arid charts your students should he able 
to answer the lollowinj^ cjuestions: 

1. How does the bearitij^ of the suti change Ironi hour to hour? (When 
the sun is lowest in iUc sky, its bearing changes least. When the sun 
is highest iti the sky, its hearing changes most.) 

2. What is tht» suti's bearitig at its greatest elevation? (180°.) 

3. What is the shape of the sun's path? (A smooth curve.) 

4. 11 direct obseM'vatiotis have ttot been made each hour, can the 
sun's position be estimated? (Joiti the dots with a smooth curve. In 
this way the entire path of the suti throughout the day can be re- 
conslruett"(l.) 

5. Did the sun rise due east (bearing 90°) and set due west (270°)? 
(Probably not. On March 21 and September 23 the sun will rise and 
set at these bearings. At other times it will be seen to rise and set 
somewhat north or south of these bearings.) 

[^P Page 19 Point to the eastern horizon (bearittg of 90°). Turn to the 
right, raisittg the arm past s<nitheast to south. At this bearing the 
hand should be highest. Slowly lowering the arm, continue turning 
past S()Uthw(»st until pointing directly at the western horizon 
(beuring 270°). 



sky 




Past sundown w(* can (miy guess at the path of the sun. It would 
seem reasonable to suppose that the sun appears to move on the 
same kind of path as it did when observed during our daylight 
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liours. Continue lurnitig riglit ns l)elore, lowering the liand to point 
below the horizon. Wlien pointing due north (l)enring 0°), the hund 
sliouhl he nt its lowest point helow tlie liorizon. 




In lliiii activity students will renlly he nuiking inference.s from tlieir 
infonnnlion nlxnit the hearing and elevation of the sun during tlie 
day. Only about lialf of die sun'.s patli will acUially liave been 
plotted. When sweeping out the other half, students sliould he 
awore of the fact tliat lliey are taking soriiething for granted. Tliey 
take for granted that the sun's apparent motion in ihe sky is 
regular and predietal)le. 

Page 19 The activity at the bottom of the page helps students 
see tlie different apparent tracks of the sun during a summer day 
and a winter day. The point of tlie pencil should be directed toward 
true north and elevated from the horizon at an angle ecpial to the 
number of degrees of latitude of your town (for example, bearing 
0°, elevation 40° in Urbana, 111 inois). 

With the pencil in tlie proper position, the tip is actually pointing 
toward Polaris and the pencil parallels the earth's axis. The ex- 
planation as to why the straws are placed at 67° angles is found 
on page 47 of the student's book. When the straw is used for 
sighting points above the horizoti, it is daytime. When it is helow 
the horizon, it is night. 

On the first day of summer the suns bearing at sunrise is between 
55° and 60° for most places in the United States. Its path is a 
long one and its average elevation is great. On the first day of 
winter the sun's bearing at sunrise is about 120° or 125°. Its path 
is shorter and its average elevation above the horizon is less. 



21 

22 

ERIC 



To visualize the sun's apparent traek on the first clay of spring or autumn 
see Supplementary Aetivily 2-10. 

Page 21 Stanchng on the North PoUs you are at hititude 90° 
north. The North Star (Pohuis) is (hreclly overhead at elevation 
90°. Point the pencil lip at the zenith and rotate it. Notice the path 
traced by straw //. Does it ever trace a path below the horizon? Ask 
what effect this would have. (If the sun is never below the hori- 
zon during a 24-hour day, there is daylight around the clock.) 

Rotate the pencil as before and observe what happens when straw 
B sweeps out a circle. How long a period of sunlight is observed? 
(In this event the sun never moves above the north polar horizon. 
It is always nighttime.) Can the students tell you what is happening 
at the south pole? (It is always daytime.) 



Page 22 For this activity your students will be working inde- 
pendently in the evening. They will have to locate Polaris. To help 
students, it may be advisable to use additional clues suggested on 
the star maps in Chapter 3 and in the accompanying text on pages 
34 and 35. 

Your students will have bad a variety of experiences setting up a 
gnomon. They can use the rosette on page 27 of this Guidebook lo 
help them find hearings of the moon. 

To orient the rosette properly, place the gnomon on the ground. 
P'ind Polaris. Move your eye until Polaris is hidden behind the 
stick. Now you are looking due north (bearing 0°). Turn the rosette 
until its 0° marking is also behind the stick. 



CHARTING THE MOON 

pages 22-24 
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Sight Polaris with the tip of the stick 
from the edge of the rosette. 
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To ^iv(* stiidtwits tUM»(l(»(l |)rci('ti('(» nt ()ri(»Mtin<j; tlu^ rostntc, it is 
ii(lviscil)l(» to luivr |)r;ictic(^ s(\ssi()ns iH^forehiind in the cliissroom. 
A stiuill jx^nlitrht Ociti s(MV(^ Polaris. lUnr the stiuhMils chrck 
one cinoth(M- lor acciiracv in oritwitin^i; tli(» r()sett(\ 

Wh(Mi your stiuh^its are takin^i; the Ix^arin^i; of the moon at a par- 
lieiilar tinKs they should reeall that the Ix^irinti of the inoon is 
opposite [hr hearinjj; of the shadow. To find the elevation of tlie 
iii^iittiine moon, stuiients ean use one of llie methods they used 
for linditiir tlie suti's elevation. They can make scale drawitii^s of 
similar trian^h^s on jj;raph paper or they can measure dir(»(.*llv with 
a protractor tlie an^le formed by a string taped to a j^nomon. 

Th(^ daily motion of [hr moon is similar lo tliat of the sun. It rises in 
ihr (»ast and sris in [hr w(^st. 1'he major dilf(M-ence stnd(Mits may dis- 
rmrv is that ihr moon rises ahont 50 minuli*s later ea(.*h siieceedin*^ 
nijiht. 11iis ehan^i^ is causi^d hy ihr monthly orbital motion of the moon 
around tlu^ (»arth. 1^his pattern will he tn^ated niorc^ fully in Chapter 4, 
"\VaMd(W(M-s Against tlu* Stars." 

To find tli(» (laytiin(^ moon, rt^fer to a calendar which intdudes the pliases 
ol tlu^ moon, tlieir (lat(\s, and the time of tuoonrist* and mootiset. An 
almanac has similar information. TIk^ moon can Ix* found in the (»ast or 
soiulieast in tlie afternoon durinji; tli(» time of first (juarter. Near ihc 
Uiuo ol the last (or tliird) (|uart(T it can Ix^ found in tlu^ west or southwest 
in tin* niorninti; liouis. 

Page 23 This activity is iiiltMuhnl U) ^ive students a convenient 
way of (\stimatin<i; an*i;idar distance. This nuahod of d(4crminiti^ 
the (devation of tlu^ moon is useful for other activiti(\s as well. For 
exam|)le, in Cliapl(M- students will he able to use this method to 
luc^asun^ th(^ angular s(^paration of stars. 

First, a scale must be (.'onstructt^i. i\lak(» a mark on the door 15 
feet from a wall. Place a strip of paper or tape horizontally on llie 
wall as shown on the following page. The strip sboulcl be located 
at the eye level of the average student. Make a mark in the center. 
Measure 15.7 ineh(\s to onesided of the mark. At a distance of 15 
le(4, 15.7 inches representsan angular distanc(^ of 5 (legre(^s. Make 
two more marks, each otu^ 15.7 inch(\s away from tlu^ previous one 
so that ea(![i is separatc'd byan angular distance of 5 degn^es when 
observed from 15 feet away. 
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intervals 15.7 inches apart 




In tlie vsanie way, maki^ marks on the opposite side of the center 
point. Wlien this is done there will he a range of 30°— 15° right 
and 15° left of the center mark. It will be necessary to finish the 
scale in one-degree intervals. This can Ije done l)y dividing 15.7 
Indies hito live equal parts. One degree is 3.14 inches. Use this 
measm-ement to fill in the scale. When tlie scale is completed, 
students can use it to find the angular diameter of their fingers or 
luuids as discussed in the pupiPs book. 



15 degrees 



30 degrees >-| 

15 degrees ^ 



l < M M [ ■ ■ M |m I ■ ) I ■ M I , g 

K- -H t^l degree -3.14 in. 

157 in. 



observer 15 feet away 



Students should stand IS feet from the scale, with their toes touch- 
ing the floor mark. Have them stretch tlieiv arm fully, with their 
thumb pointing straight up. Tell them to close one eye and line up 
one side of their thumb with one of the vertical marks. How many 
spaces docs the tbumi) block from view? In the illustration on the 
next page, the thumb is blocking al)out two marks. This will l)e 
c([ual to about 2 degrees. 




\i)iir sliuleiils will ()l)lnin (jifforenl measurements. Compare the 
mensiirenienls. Discuss llie reasons for lliese differences. (Some 
fingers are thicker tlian otliers; some arms are longer than otiiers; 
errors may have occurred in the estimates.) 

Using tlie methoci just outlined, take other mea renu?nts as 
directed on page 23 of the pupil's l)0()k (tlH-ee-fni' ■ and hand- 
spans). 

Your pupils can now use tliis method of measuring angular distance to 
estimate tlie elevation of the moon in the daytime. Give the students 
an opportunity to practice using their luuul measures. For example, 
have them measure tlie angular lieight of the door from various locations 
in tlie room. From top to [)ottonK how maiiy thuml)-widths is it? How 
many degrees? Others object can he measured in tlie same way. Use 
•students' measurements to make comparisons of their estimates. 
Encourage them to make the estimates as accurately as possible. 

Page 24 The activity on this page can be completed by using 
hand measurements of elevation and measurements of l)earing as 
described earlier in the chapter. 

The daily motion of the moon is roughly that of the sun. It rises 
generally in the east, but its bearing may vary. For example, it 
may rise at a bearing of 65° or 90° or 100°. It sets generally 
in the west, but its bearing varies as much as the bearing at moon- 
rise. When its elevation is greatest, its bearing is 180°, due south. 
From moonrise to moonset is about 12 hours. Actually, the 
moon's own orbital motion results in a time somewhat longer than 
12 hours. The average figure is 12 hours and 25 minutes. 

For more accurate measuring of elevation with a simple sighting device 
see Supplementary Activity 2-11. 
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FOLLOWING THE STARS 

page 25 



op Page 25 Kor llit^ iiclivily on loll(nviii«; iIk- stars, suine shidenls 
may want to refer to the star !na|)s in Chapter 3. It is j^enerallv 
preferable for them to recoj^nize a few on their own at first, witlioul 
the help of the maps. 

Viewed from the United States, the star in the east will move rij;hl 
and np. The one in the south will move ri«;ht (increase its hearinj;! 
without ehan«;in«; its elevation much. The one in the west will 
move ri«;ht and down. The Bij; Dipper will wheel eounter-cdockwise 
around Polaris, the whole circuit takinj^ a day. Polaris will not 
appear to move if ol)ser\ed with the unaided eye. 

To f)hotograph the tracks of stars, see Supplementar\' Activity 2-12. 



MORE ON DAY AND NIGHT 

pages 25-26 

The (|uestions in this section are intended to remind students that the 
portion of the sky seen from the earth is oflen limited. At sea level with 
no obstructions, half of the sky will he seen. The celestial horizon 
divides the celestial sphere exactly into two parts. Note that the risible 
horizon of buildinj^s, trees, towers, hills, and so on, is not exactly the 
same as the celestial horizon. Such objects limit the view. And in a 
valley, even less will be seen. From spacecraft, more than half of the 
celestial sphere can be seen. As a space vehicle moves away from the 
earth, more and more ('onies into view until at 20,000 miles from the 
center of the earth, all but one per cent of the celestial sphere is seen. 

Before j^oinjj; on to Chapter 3, it is advisable to review the major ideas 
developed in this chapter. The review may be done in several ways. For 
example, teacher-directed discussion may be desirable for stimulating 
students to make j^eneral statements of what they have learned. 
Questions such as the following would be appropriate: 

1. Can you describe the apparent motions of the moon and the sun? 

2. What kind of motion do the stars seem to have? 

What measurements are necessaiy to plot the position of an 
object in the sky? 

4. In what ways can we plot the motions of the sun and moon? 



Ant)tlit-r kind of nn itnv may (hMclopcd hy the .stiidtMits tlicinselv(\s, 
F(ir example, lliey ean set up problems of measuring the heariii'^ ami 
elevation of objt^ets outside tlu* elassrooiiu Eacli student sul)mits a 
prolilem taken from a partieular reference point. Tlu* class can then 
lorm ill teams to work out as nuuiy of tliese prohltMUs as is praelieal. A 
"jup)" ean verify the measurements. 

A diird kind of review is an oral expression of the position of objects. 
For example, "How would 1 record the position of an object due easi, 
lialfway from the horizon to zeiiitli? (Bearing 90°, elevation 45°.l ''If a 
shadow has a bearing of 15°, what is ihr bearing of tlu* sun?" (195°.) 

Hy the end of this cliapter students sh(»uld liave sulHcient facility with 
measuring bearing and elevalion to work independently in makin«; 
these nu»asuremenls. 



Supplementary Activities 

[^p SUPPLEMENTARY ACTIVITY 2-1 page 13 Students may need 
help in relating bearing to the compass and to the degrees of a 
circle. The rosette illustrated here can he duplicated and used 
by each student for additional practice in measuring bearing. A 
lhuml)tack pushed up through the center of the circle serves as 
the pivot for the pointer — a drinking straw with one end flattened 
vertieall v. 
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WhtMi iisintr [|h» nio(k»l make siin» il is (irirnl(Ml pn)[)(M-|y with 
rcspt'ci Id compass directions. Wlim fstiiiuilin^ or nicnsiirin«i 
l)carin<^s, slndrnls should iindtTsliind dial iUvy arc sian(lin«i in 
die ccnicr of die cindc, where the lack is die pivot for the straw. 
Ill other \V(jrds, hearinjj; is taken froni the center an iiiuif;inar>" 
<Mrcle. 




Llsint; this rnochd, or esliiiiatinj^ from known compass directions, 
slndenls can have additional practice as follows: 



1. 


What 


is 


the 1 


l)(*arin^ of a lionsc southeast of yon? 


2. 


W hat 


is 


die 1 


I)(*arin^ of a tree northeast of yon? (15°) 


A. 


What 


is 


die 


l)carin>; of a t(d(*plione pole nortliW(\st of yon? 






.) 






1. 


What 


is 


the 1 


)(\irin^ of the (dassroom door? 


r>. 


What 


is 


my 1 


)carin<^ from wlicr<^ yon an* slandin*^? 


6. 


What 


is 


your 


hearing Ironi wlierol am slandin<^? 


7. 


What 


is 


the 1 


)earin>; of the principal's olllcc? 


8. 


What 


is 


the 1 


)earin<^ of tin* nearest siiperniarket? 


9. 


What 


is 


the 1 


)earin<^ of the snn at this moment? 


10. 


WMiat 


is 


the 1 


jearing of the flagpole from you? 


Prol 


)l(Mns 


such as 


i these will he likely to result in som(* interesting 



ohservations. For example, will the hearing of the classroom door 
he the same for all sindents? Bearing is taken from the ohserver's 
position. It would he impractical for all students to ohserve from 
one point. And so the hearing of tlu* door will generally differ 
from one stii(l(Mit to the next. Another interesting ol)servation will 
he that if an ohject is fairly close, differences in hearing from two 
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c'loso i»l)S(TV('rs may \w i\\)\m*v'n\\}\{\ On the other hand, if an 
(»l)jfct is far away, .small (lilTcnMictvs in the position of the oli- 
servers will n«»t affeet tin* ohserved l)eariny. 

SUPPLEMENTARY ACTIVITY 2-2 page J5 Students may ne(»(l 
praeliee lindijij; hearin«^s of shadows, and hearinj^s of the ohjeets 
thai «;ivt» off li«;ht caiisinj^ shadows. Usin*^ a flashlij^ht and the 
j^nonion in the classroom pntvides many opportunities for 
d(»vel()pin«; skill in usin*^ a shadow and a eoinpass to find the 
l)earin*; of a "sun." 

SUPPLEMENTARY ACTIVITY 2-3 page 75 Om-e children he- 
come familiar with the fact tluit tlie sun's bearinj; is directly op- 
posite tile hearin*; of a shadow, the rosette on pa*^(* 27 of this 
Guidchook may Ix* us(*(l lo n^ad the sun's hearin*^. 

Cut an \ in tlu* center of the rosi^tte and slip it over the *^nonion 
until it rests on the base. When a mat^netie eonjpass is used as it is 
in the pupil's hook, it is possible to measure the hearin*; of the 
sun (lin^ctly h(*cause the point of ol)servation is away from the 
vertical stick. W ith the tjjnomon placed at the center of tlu* rosette, 
however, you can measure the sun's hearin*^ only l»y m(»asurin*^ 
the Ixnu'int^ of the shadow and findiii*^ its opposite valu(\ 




To read the sun's heann*^ directly, rolat(^ the rosette [)y 180°, 
scttin*^ llie 180° mark at true north. Now tlie [)carin«^ of the 
sliadow nuiy he read as tlu» bearin*^ ol the sun. In tliis case, 
mt^asure tlu? [)earin*^ vvliere tlie middle* of tlie shadow crosses the 
rim of the rosette. 
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SUPPLEMENTARY ACTIVITY 2-4 page 75 For additional prac- 
tict' in nieasiiriiit^ an^l(»s of tdt»vation, use a lla.sldi«^ht and j^no- 
nion in tliL' sanH* rnaruuM* as th(»v arr nsrd in SuppltMuentary 
Aetivily 2-2. 

SUPPLEMENTARY ACTIVITY 2-5 page 16 To help students 
understand more about the nuniher ofde^^rees between the horizon 
and the zenith, have them point one arm toward the horizon and 
the other directly overhead. By observing other students' arms 
they ean see that the arms describe an angle of 90°, What will 
happen if they turn around? Is the an«^le different? Students will 
easily see that Hie angle between the horizon and the zenith is 
always 90°, no matter which way they are facing. 

SUPPLEMENTARY ACTIVITY 2-6 page 16 For further practice 
and discussion, students may work on these problems: 

1. What is die angular elevation of a cloud halfway between the 
horizon and the zenith? (45°.) 

2. What is the angular elevation of an airplane one-third of the 
way from the horizon to the zenith? (30°.) 

3. W'hat is the elevation of the top of a flagpole when it seems to 
be three-fourths of the way from horizon to zenith? (67V2°.) 

(^p SUPPLEMENTARY ACTIVITY 2-7 page 16 Objects in the class- 
room can be used to make estimates of angles of elevation. For 
example, from where a student sits, the elevation of the chalk 
tray will probably be close to 0°. it is on the ''horizon." If the clock 
on the wall seems to be about halfway between the horizon and 
the zenith, its elevation will be about 45°. 



[^p SUPPLEMENTARY ACTIVITY 2-8 page 16 An appropriate scale 
for a drawing of the Eiffel Tower's elevation would be 1 inch 
etjuals 1000 feet. The height of the Eiffel Tower may be rounded 
to 1000 feet and represented by a vertical line 1 inch in height. A 
horizontal line 5V4 inches long represents the distance of ap- 
proximately 1 mile. The angle will measure about 11°. 




Eiffel Tower 



1 mile 
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SUPPLEMENTARY ACTIVITY 2-9 pageia Tlir following (lain 
wrrr rt'curdrd ill hililudi* 10° in)rtlj in iiud-Jiily. Day li«!;hl-sa\ in^ 
lim<' was used. Thi'v shoidd lie nst-d U) \Ao\ \\\r Wnrk of the sun on 
a ^rapli il vifwin"; rondilioiis do nol prrinit din'cl (>Iis(t\ alion h\ 
yonr students. 



Time 


Bearing 


Elevation 


8:00 A.M, 


84' 


28 


9:00 


94 


40 


10:00 


106' 


52 


11:00 


122 


64 


12:00 NOON 


150 


74^ 


1:00 p.M, 


192 


76^ 


2:00 


227 


69 


3:00 


248^ 


58 


4:00 


26V 


46^ 


5:00 


271 ' 


34^ 


6:00 


280 


22- 



Thcsf data will differ from students' observations heeause of 
differences in latitude, differences in linie of year, and diffenMiees 
in lou«;itude within a time zone. 

[^p SUPPLEMENTARY ACTIVITY 2-10 page 21 The path of the sun 
on the first (hiy of spring and autuum ran he shown hv lixinj; just 
one straw at an an«;le of 90° to the pencil. H(*peal the activity as 
before. On hoth of these days the hearin*; of the sun at sunrise is 
90° (du(* east} and at sunset, 270° (due west). 



[^P SUPPLEMENTARY ACTIVITY 2-11 page 24 \ simple instrument 
for nieasnrin*!; the elevation of the daytime moon is showm helow. 




To huild the instrument the followin>; mat(M*ials will he nt^'ded: a 
straight stick about 18 inches lon^, a protractor, a pin, sonu* sewinj; 
thread about 12 iruHu\s long, and a small weight. 
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Mount llic protniclor in tin* criilcr <»! lln' stick, Usr v\ri\v lapr to 
hold il in \)\iwr. Make sniv the <)()°.|inr is parallrl In Ihr top of (he 
slick. Work a pin Ihroiif^h the rclrriMicc point of \Ur protrarlor 
nntil it is hchi fast in ihc wooiL Make n h)op in the thivad and slip 
it t»vcr dn' pin. It sluudd not lil tightly. Tic a sn\all wcif^ht, sncdi as 
a inhhcr eraser, to the other end of the thread. When the inslrn- 
nient is ready lur nse, the slick shoidd he Indd so that Ihe thread 
can swin*; IVetdy alon*; the face of the protractor, 

n ^ 




end view side view 



The inslruint'Ml is hesl used hy a team of two sUuh^nls, One sUulenl 
si»;hls an ohject alon»i the top of the stick. The other slndent reads 
off the det^rees hy ol)servin«; the size of the angle formed hy the 
protractor hast* line and the sewing thread. 




With this inslrunienl, the angnlar elevalitui of ol)jects in the sky 
can he measured directly. The instrument may also be used to 



lucasiirc the aii|;ular si/,(» of ohjccis slniuliiif^ on ihc |i;i'oniHl, llsinii; 
this inslrunuMiK sludnils mw inriisnri' |h(* ini^ulnr si/.i» of a lln|ii|uilc 
or a sicrph'. How do llu' hand ini^asimMnoiils i^iiiupan* wiHi ihosi* 
lundc !)> instioitU'Ml? 

SUPPLEMENTARY ACTIVITY 2-12 page 25 Sliid s can a 

^ood idea of die Miolioiis of stars if dicy ore ahh* lo niak(» pholo- 
«;raphs at ni»;hl. To do this, it is nci'cssary Uu use a camera that can 
hi' set lor a time exposure. IT a Polaroid caincra is used, the photo- 
j;raphs will he ava-'iahle for study the next day in (dass. Mesi 
results are ohtained on ch'ar, inoo.dess ni» hts. 

Set up the canuM'a with the leiis Mi'arin«; (lacing (hie north). 
Polaris can l)e used as a rererencc point or \ c(nnpass can he used. 
Uenicnd)er that the nui>;nctic (hvliualion nuist he taken into 
accouiil when lindin*; true north widi a coni|iass, Prop up the front 
ol the camera until I'olaris appears in Uu* center of the viewer, 
ir tliis is dillicult, tilt the canu'ra at an ao^le appnixinuUely tli^* 
sanu' as the latitude of your town. You nuiy also mount the canuM'a 
on a tripod with an adjustahle head, if one is availahle. 




When the camera is in position, can^^fully open the shuttiM*. Leave 
it open for at least an hour. The lonji;er the shutter is open the 
hetter will l)e the results. The camera should not he mov(»d during 
this time. When the exposure is comph^ed, the shutter slujuld he 
(dosetl. Develop the 1dm. What is seen on the print? Ask students 
to explain the shapi* of the tracks made on tlu? print. 
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CHAPTER 3 



STAR PATTERNS IN THE SKY 

pages 27-21 

In (lhaptcr \\ hiu(|(miIh hcgin lo develop soiiu* rainiliurily willi major 
(toiiHlollalioMs seen in sky. Usinf^ slar maps in liook, shidonls 
Irarn lo liiul iIk^ major constcllalions llirouf^lioul the year. Lookiuf^ 
norlliwani, slialeiUs ohserve promiiuMil polar constellations and find 
elues to tlu* location of sel(M'ted stars in llie nortlunn skies, Sontliern 
eonslellalions are also considered as a pari ofllie celestial spli(M'(\ hnl 
some of them ar(» nt»ver visil)le from llu' United Slates, 

It is not essential tliat work in tins cliapter inmiediately follow Chapter 
2. Star [)atterns in tlie sky may l)e explored at any time that seems 
convenient for tlie el r s. 

Tlie activities in tliis cliapter are best carried ont ovtM* an extended 
period ol time. It is recommended tliat your stndents move tlnonf^li llie 
cliapter veiT qniekly and tlien ont on llieir own to star<?a/e once or 
twice a week durin}; the conrse of the school year. Yon may plan a 
scliednle of re^nlar reporting; hy stndeiUs on tlieir observations so that 
star«5a/ing activities can be conlinuons dnrin*; tlie year. 

The primary intent of this chapter is to ex[)ose the stndents to the 
excitement of exploring the constellations. With continned practice, 
they can become qnite proficient in identifying? the major constellations. 
They will be able lo invent new ways of locating stars and constella- 
tions and will develop an interest in stargazing that shonid remain with 
them for many years, it is also hoped that teachers will share the 
exv:itemcnt of students and will find lime to join the students for star- 
gazing parties — or go ont stargazing on their own. 



Main Ideas 

1. The size and shape of constellations have not changed for many 
thousands of years. They will remain unchanged for thonsands of 
y(uirs to come. 

2. With respect to other constellations, the position of a constel- 
lation does not change during one's lifetime. 
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;i The |Misili(uiH of iIk^ (Minsh^lhilions nhovr llir hori/on vnry wilh 
\\\v srason.s as wpII us diiriiifj; Ihr linurs of any uw 

•I. The slars in ihr sky furin a iisrful fixed hackf^naind a^^ainnl which 
(>hj(M*ls in Ihr sohu' sy.slrni can \w nhsrrN'ctl 



Suggested Materials 

Slar maps such as ihnsr nn pa^cs 2\\ :VA (if ihc Irxl, 



Suggestions for Teaching 

Al Ihc end of ihis chaplcr (pa^c* iUi in this Guidebook) arc nolcs on a 
nund)cr of iinporlanl conslcMali( Mis thai \'onr sln(h*nls will he vicwin*' 
in Ihc nit^hllinic sky. Tlu^se nol(?s arc keyed lo ihc sky maps (paj^es 
28-,'^3) on \vhi(di ihc conslcllalions appear. 

Slarc^azing is mosl rcwardint^ on a moonl(»ss night. Check a calendar 
lo find Ihc liini* of inoonrise. Il is hesl lo wail nnlil one hour aller snnsel 
helore slndyinj^ the skies. 

Slndenls shonld go t)nl on their own, or in snudi groups, to Iry fincHng 
their way around the slars. Since il will he dark, a flashlight is necessary 

10 refer lo llie maps. Il is advisahle lo (M)ver the lens of the flashlighl 
wilh wax paper or lissue paper. Mold tin* paper in place with a ruhher 
hand. The dim lighl will he ([uite satisfactory for seeing die maps. 
Often an adnll will h(» availahle to help — father, mother, scout leader, 
or other person who may he sornewlial familiar with the constellations. 

11 a phuu^tariiini is nearhy. you should plan a class Irip to see the 
sky show. 

SupplenuMitary Activities 3-1 and 3-2 introduced at this point will give 
class memher.s practice in recognizing the major constellations they 
will he i(l(intifying during their stargazing sessions. 

Whilt* the maf)s are drawn for 8 P.M. (standard time), discrepancies 
hetween sky and maps may occur, depending on your location in your 
time zone. However, tliese discrepancies will never he large. If you are 
on daylight-saving time on the date or-your observations, subtract one 
hour to get standard time. 
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AROUND THE NORTH 8TAR 



su|MM'vihii)n of U^Mi'lirr, il ih iulviniiMc io lu^lp hiiidiMnh (hn'j'lop a 
pnMMMlmr Inr ^h^i^M'vin^;. A Mu^f^rnhMl piocrdiiiv in oiilliutMl Inr Iwo 
arliviiit's which lolh^sv. 

l-^P^^Q^^'f your chiss ihioiif^h ihr lolhiwinfr sh^ps wilh ihr 

of lh<» north jmhir ('(U)Hi(*lhi(i(Mis {\n\\!,r 2H). ^ 

I. l-'irul Tdhiris (hearing; 0"), 

U. (!h(M'k wilh hti)i(ls|iaii Io sco if il is uh(ail I^O" iVorn lusiri'sl 
"poiiiirr" slar of lh(» Mi^ Dippt^'i 

Measure its eh'valiuii wilh ihe haudspan. Then measure eleva- 
lion (lireelly wilh an ehwalion insirnrnenl. (Il shoiihl he nearly 
the saine.l 

I. What is your huilndey (M shouhl he Ihe sanie as ihe eh'valion 
of I'ohiris.l 

5. Find (!assi(»|)('ia. (It iornis a nussliap<'n \V.) 

6. Kolate the map until it is lined up wilh lh(M'()!is|<'|lations yon 
sec* in the sky. 

If you are ohserviag at an liour earlier than i\ P.M., iIh" map should 
he turned (dock wise lor nwU hour. 



LOOKING SOUTHWARD 

pages 36-37 

[^) Page 36 These a(Jtiviti(*s provide opportunities to ns(» tlie sea- 
sonal maps. IC tlu* autunm map is used, stud(Mits should h)ll()W 
lhes(» st(*ps: 

1. Face south (hearing 180°). 

2. Hold ihe map in front of yon with north at tin* top. 

3. Find Cassiopeia. 

4. Find Pe«iasns (somewhat sontliwt\st of Cassiopeia). 

5. Find Pisees (somewliat southeast of Pe^aj ii:-;). 

6. Find Aries {due east of P(*<i;asusl. 

Students ean use these landmarks to tind additional constellations 
such as Cy^nus, Capricornus, atid others. Ask tliem to write out ch- 

Or/ 
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\m\)^ inns he iihril in n hiniihir wiis, 

on lln' h('iih(nijil )nii|)h iltiii ih lo (Ix* A;// iind /<r,s/ lo ihr /7>|7//, 

\\v WW lonkihfi Iruin insiilr ihn rrh^hlial -spluMv oiihvnni, whnviih on m 
M<M»^niphi(Mil map luv lookiiif^ (hhvnwiiid nl n porllun ol' ihr ('nrlliV 



Supplomontary Activities 

1^3 SUPPLEMENTARY ACTIVITY 3-1 mio Hrhuv shnlnils 

Hill to shii'frn/r ill nif^iil il will hr wry lirlpful lor tlinii to pnirticc 
iv(>()^iii/iii^ tlu* coiilif^unilioiis uf iiuijnr conslrlhilious. I'or lliis 
piirpos(> ii iiuiiiImm- i)\ dilTi'n'iil trrliiiiipirs ri\\\ \)r drvisrd, Vov 
rsjiiMpIr, ipsc a nail In piiiirli tlu> shapes of conslcHalions on indrx 
cards or :\" X 5" pioccs of dark paper. Miikc surr dir sluipr of 
tlic conslfllalions is a<'curalr. Hcfcr to Mio star nuijis furaecnratr 
position and spai^n}; of the stars. 

index cards 




4i 



Cassiopeia 



nail 



Tape thr cards of the consttdlatiotis a^^aitist the (dassrooni window. 
Praclicc i(lentifyin«^ the constcHations. From time to time place 
the cartis in a different order. With nc^rth polar constellations, 
monnt the cards npside down, or on one side. The primary purpose 
ol this is to accustom students to the shapes of the polar constel- 
lations retrardless of their orientation in the sky. This skill is 
particularly important in identifying these constellations. 

(^SUPPLEMENTARY ACTIVITY 3-2 page 34 Other devices can 
he constructed hy the stutlents. Most ''stnr boxes" are huilt in a 
similar way. A hox or small (unton is opened so that there is a 
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wiiulnw {ii iMuL A |i(M»pholc ih iiumcIkmI in \\\v uiIhm' omL To 
vi<Mv ii nMiHipllnlion ruid, llio ciiid in pincod nv<M' wiiulow ntid 
huN ih Itrld up in lif^lii. \{\m\) oC ''hhirs'' in h<mmi hh ii 
iipp(nu>i in iIh' nky, 11' n Hlar Imin iihod, \\\v \n\U\y r\)\\ry\v\U\\\u\\ 
nu'dn nhnuld ho iuIhUmI ww\i,vMvi\ \\\){\\{\ AmuIImm' way lo p(T<m»I 
lolalion is to turn Ww |in\ around iln louf^rnl {\\\h. 



placo card ovor opening 




view through here; rotate 
on long axis occasionally 



Star Maps 

Following is a list of constellations that appear on one or more of tlie 
star maps. Included with each name is the English equivalent and a 
phrase descrihing the constellation. Constellations in boldface type 
are prominent in the sky because of their distinctive shapes or because 
of the brightness of some of tlieir member stars. Only fifty-one con- 
sldl ations appear in the list and on these maps. There are actually 
eighty-eight altogether in the sky, but many are inconspicuous. The 
entire list can be found in encyclopedias. 
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THE NORTH POLAR CONSTEUUATIONvS fmpo 2/1 

(UiHHhpoUu \\\r I (KASS- oh-lM-lA-iihl, Imhiiih a hlij^hlly llliH- 

hIui|)(mi \V, 

Cvitlum, lli(> Kinn (MKM-Icviim), \.auU lik." t\ clmicli inid hI(>(>i)I(>. 

l)r<ir<K llic l)nifi;()ii (DllAV-ko), AppciirH coily iiiiil .Hrr|HMitiii(> with it.s 
IicjkI iiciir Vcf^ii. 

firm Major, lli<- Ciciilcr Itcar (KII-hh MAY-.i<'i). The moHt pioiniixMil 
I'ciiliirc is the Hi^,' Dipper, 

Vrsii Minor, lUo Simillcr H(>iir (KU-sk MV-iici ), Sluip<-(l like ii dipper, Imt 
only I'oiariH nl one end inid llic Iwn "CnardiiuiH of tlie l'(,le" at tli(« 
odier end are nt id! \n-\p}\t. 

WINTER page 29 

. trfro, tile Sliip, ContiiinH die second l)i i(,diteHt slar in tlie sky, Canopus, 
clearly viHilile in the Unitcid Staters only in the I'ar sontli. 

.■turiga, tlie Charioteer (aw-HYK-giili). A proniineni niuflin shap(> with 
v(>ry [)ri(,'ht Capclla at one corner and tlie little trio known as the 
Kids as a su[)fcatnrc. 

Canis Major, The (scaler iJog (KAY nis MAY jer). Is liigldiglited [)y 
Sirins, the hriglitcst star in tin- sky. 

Canix Minor, the Lesser l)(.(,' (KAY-nis MY-ner). Contains two stars, one 
of wliicli is the [)ri(,dit star Proeyon. 

Columba, tlie Dove (kn[i-LUlVI-[)idi). Located well to llie sontli Ironi most 
places in llu; United Stat(>s. 

Eridaims, the River (ili-IUD-eh-nns). A lonj? and tortuous stream hegin- 

ning near Higel and ending at the hrij^ht star Acliernar, tlie latter 

visi[)le in the United States only from the extreme south. 
Gemini, the Twins (GEM-eh nigh). Marked hy two hriglit stars. Castor 

and Pollux, and more or less rectangular in shape 
Lepus, tlie Hare (LEE-puss). A reasonably notable sextet south of Orion. 
Orion, the Hunter (oh-RYE-un). The brightest constellation of aH, with 

Betelgeuse and Rigel; a rectangle with a central belt of bright stars 

and a dangling sworrl of three fainter ones. 
Perseus, the Hero (PERsee-us). Rather difTicult to see, it somewhat 

resembles an evergreen tree; home of Algol, a star that varies in 

intensity about every tliree days. 

Tfturus, \ht' BuW (TORE-US). Shows two major subparls-tbe Pleiades, a 
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star cluster shaped like a tiny cli[)per, and the Hyades, a V-shaped 
assembly containing the bright star Aldebaran. 

AUTUMN page 30 

Andromeda, the Cliained Maiden (aii-DHOM-uli-duli). The major feature 
is a ()n)miuent line of stars extending out from the Square of 
Pegasus; the location of the (ireat Spiral (ialaxy of Andromeda is 
shown. 

Aquarius, the Water-Bearer (eh-KW.\RE-ee-us). Rather faint and difficult 
to see. 

Aquila^ the Kagle ( A K- well- lull). A prominent diamond, distinctive be- 
cause bright Altair is flanked by nioderately noticeable stars. 

Aries, the Rani (AIR-eez). Three stars look like a clock reading 4:45. 

Capricornus, the (ioat (cap-ra-CORE-niiss). A big, ragged triangle i)Ut 
there are no very bright stars. \ 

CetuSy the Whale (SEE-tus). Overlaj)S the autumn and winter maps. 

Cygiiiis, the Swan (SIG-uus). Is also called the Northern Cross, with 

bright Deneb at its t()[). 
Delpfiinus, the Dolphin (del-FINE-us). A pretty little diamond. 

Crus, the C.rane (GRUHS). Is prominent only from the southern United 
States. 

Peg€isus, the Winged Horse (PEG-uh-sus). The most prominent feature 
is the Great Square of Pegasus. 

Phoeni.Xj the Bird of Fire (FEE-uix). Is notable only from the southern 
United States. 

Pisces, the Fishes (PIE-seezl. A faint constellation s(nith of Pegasus. 

l^isris Austrinus. the Southern F ish (IME-sis aw-STRY-nuss). The solitary 
bright star Fonialhaut and a few fainter ones make an arrow. 

Sagitta, the Arrow (sa-JIT-eh). A h)vely little arrow not far from Altair. 

Triangulum (try-ANGH-you-lum). A nice little elongated triangle. 

SUMMER page 31 

Itootes^ the Herdsman (holi-OH-teez). A fine kite with bright, orange 
Arctunis at its base. 

Com/if/, (]rown. A lovely six-star (*rown near Bootes. 

Hercules, the Strong Man. A large constellation with six central stars 
resembling a butterfly flying westward. 
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Libra, llie Scales (LIE-l)ruh). RalluM* (mwi. 
Lupus, llie Wolf (LOO-puss). Far to llie soiillu 

Lyron IIk' Lyre (LIE-nilO. Very hvU^Ui Vega makes a small equilateral 
Iriantrle willi two oilier stars, and a |)arallel()grain is appended. 

Ophiuchus, the Serpent-Holder (oh-fee-YOU-cuss). Bifi;, hut its shape 
is not veiy distinctive. 

Sagittarius^ the Areher (saj-ili-TARE-ee-us). A splendid teapot with a 
handle to the east. 

Scorpio^ the Scorpion ( SCORE-pee-oh). [^autiful and hrij^ht, with red- 
dish Antares flanked by two nearby stars. 

Serpens, the Serpent (SIR-penz). Its head south of Corona, winding down 
and around Ophiuchus and then up toward Aquila. 

SPRING page 32 

Cancer^ the Crah. Relatively inconspicuous, hut it contains Praesepe, 
the Beehive Cluster, a good test for the unaided eye, 

Corvus^ the Crow (CORE-vus). Looking like tht main.sail of a sailing 
vessel, it is not bright but does have a very memorable shape. 

Crater, the Cup. A faint group sitting on top of Hydra, 

Hydra, tlie Water-Snake ( HIGH-druli). Has a conspicuous head east of 
Procyon, tlien winds ratlier faintly across a large segment of tlie sky. 

Leo, thv" Lion. Shows a hue sickle in the western part, with tlie l)riglit 
star Kegulus at tlie (mkI of its liandh* and a nice triangle farther to 
the east. 

yirgo, the Maiden (VUR-go). Looks something like a chair witli tlie 
bright star Spica marking the [)ase of the rear leg. 

Ursa Major, tlie Greater Rear (ER-sa MAY-jer). Its most prominent fea- 
ture is the Big Dipper. 

Ursa Minory tlie Smaller Rear (ER-sa MY-ner). Sliaped like a dipper, l)Ut 
only Polaris at one end and the two "Guardians of the Pole" at the 
other end are at all [)rig[it. 

THE SOUTH POLAR CONSTELLATIONS page 33 

Ara, the Altar (AY-ruh). Makes a nice group of four. 

Centaurus, the Centaur (sen-TORE-us). A big constellation highlighted 
by two very [)right stars not far from each other — Alpha Centaurl 
and Beta Centauri. 
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Cnix^ tfie Cross (KRUKS). The extremely welMsUown Southern Cross. 

Triangulum Australe, the Southern Triangle (try-ANGH-you-Ium aw- 
STRY-lee). A reasonahly prominent trio. 

Also included in the south |)olar map are the locations of our two satel- 
lite galaxies. The Small Cloud of Magellan is clue south at 8 P.M. in 
early Decemher and the hrighter Large Cloud of Magellan is due south 
at 8 P.M. in early Fehruary. Neither can ht* seen from any place in the 
continental United Statt»s. 

Ohjects within 25° of the center of the south polar map cannot be seen 
from any place in the United States. The map is included mainly to fa- 
miliarize students with the major constellations seen from the Southern 
Hemisphere. Some students will have read about a few of the southern 
constellations such as the Southern Cross, or about the Clouds of 
Magellan seen near the south celestial pole. 
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CHAPTER 4 



WANDERERS AGAINST THE STARS 

pages 38-52 

In this ('liaj)ler (lie pupils' alUMilion is iociisrd on (he iippan^nl motions 
ol ohjccls in the solar system. These motions are ohstMved a»i;ainst the 
hii('k»i;r()nn(l of stars. Students plot the track of the tnoon as it 
niov(»s eastward anion'!; th(» stars each day. They also plot the eastward 
motion of the sun thron^^h the constellations durin*!; tlu* y(»ar. The loop- 
ing motions of the planets are introduced as a hasis for considerinji; 
models of tln» solar svstem. 



Main Ideas 

1. The sun, moon, and planets are sccmi to move in relation to the 
fixed l)ack»!;r()un(l ol stars. 

2. The moon orhits the (*arth once a month, moving eastward throu'^h 
the coiistellations. 

The sun appears to move eastward through the conslel lalions, 
lollowin*!; the same path from year to year. 

4. Most of the time ihe planets move eastward against the stellar 
hack^round. Periodically the eastward motions of planets seem to 
reverse. They <j;o westward for a time, then resume their eastward 
molion, iollowinj^ a looped path a»^ainsl the stars. 

5. The interval of time from one hackward loop to the next hackward 
loop is called the loop-todoop period. Each planet has its own 
h)op-todoop period. Astronomers call the loop-to-loop period oi a 
planet its synodic period. 

6. The sun, moon, and planets move alon^^ the same narrow highway 
in the sky. 



Suggested Materials 

protractor ruler 
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Suggestions for Teaching 

Your pupils may recall that the earth is not an cxacl sphere, Aetually 
its polar diameter is ahoul 27 miles shorter than its avera^^e eipuitorial 
diameter. As a result, the earth is slij^litly flattened at the poles. 

Page 38 \n this activity, pupils are ehallent^e(l to deserihe the 
paths ol ohjects that have more than one motion. Some motiotis are 
more dillieidt to deserihe than oMiers. Pupils should try sket(!hin|^ 
the motions of other ohjeets, such as a propeller tip, a horse on a 
movinf^ merry-tro-round, or a point on the rim of a wheel as the 
whe(d rolls alonji the jiround. How many dilTerent kinds of paths 
can your class think up? 



MOON AGAINST THE STARS 

pages 36-42 

Page 39 Students have the task of incasuriujj; ov descrihintr the 
ways in which the positions or apparent sizes of star ^j^roups have 
l)("en modilied. The activity is intended to help reduce the flilFiculty 
ol usiufi; th(" star maps in Chapter A, and to prepare lor locating 
lh(" moon. A protractor and rider will he needed lor the purpose of 
making accurate measurements. 

In each of the examples in the first activity on this page, the "con- 
stellations" have heen rotated, changed in si'/e, or holh. The first 
constellation has heen rotated counterclockwise 40°. 'I1ie second 
has heen reduced to half its original size. The third has heen ro- 
tated 180°. The last group of stars has heen (loid)le(l in size and 
rotated counterclockwise 60°. 



The rotation of some of" the figures i.s easily estimated hy in- 
spection. For greater accuracy students can use the method il- 
lustrated helow. 
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Draw a litu* se*^tn(Mit tlin)ii<^li two slais in tlu* first fi«j^iire. Draw a 
line* sr^nuMit tlirou^h tlu* satnc two stars in tlie secotul li«i;iirt\ 
M(»asurr tin* anj^lt* forMKMl l)y tlie two intcM'sectin^ lines. In this 
c-as(» tlic i\w^\v is 60°. This constclhitiori has Ihmmi rotattMl conntiM*- 
clockwisc 60°. 



Siip|il(Mn(Milary Activity 4-1 proviih^s additional practict* in riM-o^nizin*; 
('luinjZ(S in tlu* positions ol ConsuHlations. 



Page 39 The s(M'ond activity on this pajzc is similar to tlie pre- 
vious one. A new element has hrru added, liowever— tlie motm. 

In the first li«i;nre, the trian<i;le has heen moved upward and to the 
ri«!;ht. In the seeotid it has slniuik to half its size. The t'lird trian<j;le 
luis luMMi rotatiMi 180°. The lourtli has heen rotated eloekwise 
00° (or eount^^i-eloekwise 270°), In the lil'th figure, the ronsttdla- 
lion is twie(» its previous size and rotated eonntercloekwise al)OUt 
120° (or eloekwise 240°); tlie tiioon will he outside the fratn(\ 
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[^P Page 40 In this activity, pupils should merely estimate the 
moon's [josition from the data f^iven. Notiee that there are two 
()ossil)le answers, as indicated by the large circles. 
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[^P Page 41 Before starting the moon-plot activity, check a calendar 
or almanac to find the date of the new moon. When the moon is 
full it is somewhat difficult to plot its position among the constel- 
lations. A full moon is too bright and star groups near it are not 
easily seen. A few days after the moon is new it will be found in 
the western sky shortly after sunset. 

In planning for the first observation, your students should con- 
sider questions such as these: 

1. At what time should the first sighting be made each night? 

2. What kind of notation of position should be used? 

3. What kinds of clues can be used to estimate position? 
(The same as was used in the preceding activities.) 

P\)llowing the initial observations, the methods used to describe 
the positions of celestial objects should be reviewed. Compari- 
sons of the first few observations will facilitate a check of your 
pupils' work, and may possibly uncover common measurement 
errors. 

Have the students enter the estimated positions of the moon on 
star maps. The maps in Chapter 3 may be duplicated. Note that a 
scale indicating 10"" of angular distance is found on the sea- 
sonal maps. 
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In one hour the moon moves its own diameter against the background of 
stars. Pupils may not he ahle to notice this small motion, of about one- 
half degree. In two or more hours, the change in position of the moon 
will he more noticeable. 

Each day the moon will move about 13° against the stellar background. 
Plots made from night to night should show considerable motion east- 
ward across the ma[). 

Observations should be carried out over a period of at least a month, 
Pu[)ils should make their initial observations at approximately the same 
time each night that they are observing. On cloudy nights no observa- 
tions can be made, but students can estimate the positions from data 
collected on other nights. 

To find the position of the moon on Wednesday night, place the moon 
halfway between the points plotted for Tuesday and Thursday. On Fri- 
day night, the moon will be on the same path as Tuesday, Wednesday, 
and Thursday but it will appear about 13° east of the Thursday position, 

if conditions are not favorable for observation, the pupils should plot 
the moon's path from the data on page 42 of their book. Later, when con- 
ditions are more acceptable, they can go outdoors in the evening to 
collect their own data. 

(^P Page 42 If an overhead projector is available, it may be used to 
show students how the moon is plotted. Prepare transparencies 
of the star maps and use them for locating the moon's positions. 
An opaque projector may be used in a similar way. 

To make a plot of the first position given for the moon (January 
18), pupils should look through their star maps to locate the first 
reference point — Pleiades. This group of stars will be found on 
the map of the winter constellations (page 29). Note the scale of 
angular distance on the star map. Mark the moon's position 6° 
southeast of Pleiades. Mark the date at this position. 

Continue to mark the positions of the moon on the star maps until 
all the positions are plotted. You will use all four maps on pages 
29-32. When plotting the moon's position, disregard the names of 
the months at the bottom of the maps. The designation of the 
months is useful only as a guide for stargazing. 
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Tile pcith of tlio iiiooM is ci curved line tlirou^li the constellcitioiis. 
Your i)U|)ils can estirruite the positions of the moon lor the nights 
of Fehruaiy 4 through 8. This can l)e done hy using the known 
daily eastward motion of the moon a.s a clue and extencHng the 
curve. For exain[)|e, on Fehruary 6 the moon wouhl he halfway 
hetween the ])ositions of Fehniary 3 and Fehruary 9 — somewhere 
near the southern region of Cu|)ri(!()rnus. Work out the positions 
for the other days. 

Alter the moon i)h)t is compk^ed, notice how h)ng it has taken the 
moon to make a complete trip against the stars. Your pupils will 
he ahle to see that one complete circuit takes a little less than a 
month. Remind the class that these ohservations were made at 
the same hour each evc^iing. 

The path of the moon through the constellations will he similar 
IVoni month to month. Due to certain characteristics of the mooirs 
orhit, it will return next month to the same region of the sky, Init 
not the very same position as this month. 

BACKGROUND INFORMATION If moon plots are continued for more 
than a month, your class will make several discoveries. The moon takes 
about Jour weeks {273 days) to move around once against the stellar 
harkground. This is known as the sidereal month. addition, the stu- 
dents may notice the phases of the nmon. It takes about 29,5 days to go 
completely through its periodic phases (from new moon to netv moon). 
This is known as the synodic month. The phases depend on the angular 
distance of the nuwn from the sun. For example, an observer on earth 
measures the angular separation of the moon and sun as I8(f, In this 
position there is a full moon. When the angular separation is at its 
snuillest, the nunm is new. 

If students have carefully observed the face of the moon, they will 
have noticed that the same side of the moon is always seen from earth. 
This is because the nmons period of rotation is the same as its orbital 
period (one sidereal numth). 

SUN AGAINST THE STARS 

pages 43-47 

Students may experience dilficulty iniderslanding how the sun can he 
located hetween constellations. A very good rlevice to help students 
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visualize liow tlie sun may he located in tliis manner is descrihed in 
Supplementary Activity 4-2. 

Page 46 The tahle on pa«;e 46 provides the hoys and ^irls with 
fairly aceurate nieasurt»meiits of tlie sun's position over a period 
ol several years. The positions are to he entered on star maps and 
the patli of tlie sun plotted hy eonnecrlin^ the positions. Plots of 
tlie sun's positions should he made in a manner similar to that 
used for plots of the positions of the moon. Note the lO"^ seale of 
angular distance on the sttir maps. As you did with the moon, when 
plotting the sun's positions disregnrd the months printed on the 
bottom of the maps. 

To make the first plot, pupils shouhl look through their star maps 
to locate the first reference point — Spica. Plot a point li"" north of 
Spica to indicate the sun's position. Above the upper margin of 
the map write the month '^October." 

In this manner continue plottiiig the positions of the sun as given 
on page 46. EiwM time a plot is made, write the correct month in 
the upper margin above the sun's position. When all plots have 
been made, conned the points. 

When the maps are completed, have your students study the posi- 
tions and path of the sun. Questions such as these will help them 
arrive at some reasonable conclusions about llie path of the sun: 

1. Look at the compass points on the maps. In what (hrection cU)es 
the sun move through the stars? (It moves eastward.) 

2. Look at your maps and the dates in the table. How long does 
it take for the sun to come back to the same place against the 
stellar background? (One year.) 

3. Find October i2th in the sun plot data. What do you notice 
about the position of the sun? (Every year it's in the same place 
at the same date.) What abonl December? (Again, it is in the 
same place on the same dale.) 

4. With your finger, trace the path of the sun through the year. 
What is the shape of this path? (The path is in the form of a 
gentle wave.) 

5. Does the location of the path change? (The path stays the same 
from year to year. The sun's path through the stars is called 
the ecliptic.) 
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6. How many degrees around the celestial sphere does the sun 
travel in one year (360°.) How many degrees in one day? 
(About r.) 

7. If the sun is 7° east of Spica on October 22, where will it be 
on October 23? (8° east ol Spica.) 

Refer to the months you have marked at the tops of the star maps. The 
sun is closest to Polaris on or about June 21, the beginning of summer. 
Looking at the track of the sun that was plotted on the star maps, the 
students can see that the sun is closest to Polaris when it is near Taurus, 
a daytime constellation in the summertime. The angular distance be- 
tween the sun and Polaris is greatest on or about December 21, the 
beginning of winter. From the path of the ecliptic it can be seen that 
the sun is farthest from Polaris when it is near Sagittarius, a daytime 
constellation in the wintertime. 

To understand what causes the difference hf^twron the summer and the 
winter tracks of the sun, use Supplementar) V , ][ 1-3. 

PLANETS AGAINST THE STARS 

pages 47-52 

Page 48 Planets usually may be distinguished from stars by the 
lack of twinkle; fluctuations in brightness and color are less ap- 
parent in planets. From the United States, planets are never seen 
in the northern skies. They are found in a narrow belt close to the 
path of the sun and moon. 

BACKGROUND INFORMATION Planets may he distinguished from 
one another by their color ^ brightness, and position with respect to the 
sun. For example^ Mercury is quite bright^ but it is so near the sun that 
it is difficult to locate. It may be seen shortly before sunrise or shortly 
after sunset, Venus is the brightest object seen in the sky (excluding the 
sun and the moon). It is tvhite. Like Mercury, it is seen only before sunrise 
or after sunset. Neither Mercury nor Venus, of course, are ever on the 
opposite side of the earth from the sun so they are never seen in the 
midnight sky. 

Mars is the ''red^^ planet. It may be brighter than the stars, but this is 
not always a dependable clue. Jupiter is golden-white, and a bit brighter 
than the brightest stars. Saturn is white-to-golden in color. It is not as 
bright as the brightest stars. 
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For accurate infornuilion on where and wlien the planets appear in tlie 
sky. students may refer to a current almanac. 

Supplementary Activity 4-4 uses a telescope to view the planets. 

Students may be confused hy the observed looping motion of Mars. 
Most of them are aware that planets move in nearly circular orbits 
around the sun and that these motions are in oidy one direction. For the 
present it will be sutticient for students to understand that planets only 
appear to loop i)eriodieally a^uainst the stellar background. In the chaj)- 
ters that foMow. your i)upils will have ample opportunity to discover why 
these apparent 'motions are seen. 



[^3P P^ge 50 Students can observe the apparent backward motion of 
Mars hy acting it out in the classroom. The illustration below is an 
example of the way in which this mav he done. 




To the obsei-ver in the center of the room, the pupil's path will 
appear as Mars' path appears from the earth. The walking student 
makes a complete circle of 360° and continues onward for 50° 
more. The walker (Mars) stops, backs up for a little while, and then 
resumes his forward motion. What background "constellation" 
was seen hy the observer when Mars stopped the forward motion? 
In the illustration, the table was in the background. 
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From the point where his fonvanl motion first stopped, Mars con- 
tinues to move another 360° and a^ain continues onward for 50° 
more. Onee again the same stop, tht" haek-up, and the renewed 
forward moticm are seen. What "eonstellation'^ is in the haek- 
•rround this lime? hi the ilhistration, [he phuit on the window sill 
was the haekt^round constellation. The samt* pattern is repeated 
over and over again. Kach time the forward motion stops and a 
haek-np begins, a different constellation appears in tlie hack- 
ground. .After many re-enactments, students may he able to predict 
the next looping point aiul consecpienlly the background con- 
stellation. 

[^P Page 50 Do not wait for the sec(m(l activity on this page to l)e 
complet(»d before continuing on in the book. Tlie activitv may also 
be done with Jupiter or Saturn which are fairly easy to identify 
among the stars. If enough ()l)servations arc nuule, it will l)e dis- 
covered that tliese planets occasionally make a back-up loop, 

in adchtion to llie apparent backward motion of Mars, the facts listed on 
pages .51 and .52 are a result of many years of observations, indepen- 
dently recorded and systt"matized by a nuniber of people. Point out to 
your students that all of these events could be ()l)served by tht^m if there 
were suiFuMenl lime. The purpose of ihis section is to present to them 
some observations of planetary motions without attempting to make an 
adecpiate explanation. Students are likely to be puxzled and curious 
about the reasons why planets appear to move as they do. In the next 
chapter, Chapter 5, ''Models of the Solar System," this problem will 
be explored in detail, and your pupils will soon begin to uiu'avel these 
strange observations. 

In coru'luding this chapttM', it would r)e well to review witli your class 
the major themes developed. The sun moves eastward througli the con- 
slellalions throughout ihe year. In one year it is back in the same con- 
stellation where it was ol)servecl the year before. Its path through the 
constellations is always the same, along the ecliptic. The moon, too, 
moves eastward through the constellations, hut its motion is not exactly 
like that of the sun. The angular distance between Polaris and the sun 
varies with the seasons, influencing the duration of daylight with re- 
spect to latitude on tlie earth. The motions of the planets are along the 
ecliptic, hut their motions eastward through the stars are not regular as 
is the motion of the sun. Each planet has its own loop-to-loop time. 
Planets are brightest when they are in the middle of their loo[)S. 



Supplementary Activities 



SUPPLEMENTARY ACTIVITY 4-1 page 39 Prepare a sltMiril 
similar to tlie iliuslralion vow see luM'e. In tlie left-hand section 
sketch in |)rol)lenis like those shown. Students can use the blank 
section to prepare problems of their own to test one another. 
Kncoiira*ie theni to work with as much precision as possible. 



WHAT IS THE DIFFERENCE IN THE TWO CONSTELLATIONS? 



In the examples here, A is doubled in size and rotated counter- 
clockwise 45°. B and C have a star left out. D is rotated 180°. E 
is rotated counterclockwise 90° (or clockwise 270°). F is rotated 
counterclockwise 20° (or clockwise 340°). 
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SUPPLEMENTARY ACTIVITY 4-2 page 43 Cut out a di.sk of* 
M'tff \yiX\wr or rardhnanl with a radius of ahoul 6 inclirs. Makc^ a 
siuall linl(* at llie crulrr of ihr disk. Lrlt(*r tlu* (MUislrllalions (jfllie 
zodiac around tin* disk as shown in iUr illustration. TUr consttd- 
lations should nin rountendorkwisc. 




Mount tlu' disk on the side of a hox as shown in the «.ecoiid il- 
lustration. The center of the disk should he helow the edge of the 
hox. And it should turn freely. The edge of the box serves as the 
hori/.on. Any constellation ahove the edge will he above the 
horizon, 




^7 J**** 



Now flit Diit i\ l-int-li disk to rt*pn*st*nt the sun. Pluce a little hit 
of nihlier eenient on the haek of thr* (hsk unil let it (In . Then fix the 
sun in |)t)sition over one of the eonstellations. When the sun is 
"up/' eonstelhitious nhove the horizon of the hox will not he 
visihie in the sky. They will he "'hloeked out"" hy the sun"s litj;ht. 

Fuein^ the disk, totate the eonstellations from east to west to 
stimulate the apj)arent daily motion of the celestial sphere. In 
the Northern Hemisphere, the sun is south, so east will he on the 
left. When the sun disappears helow the western horizon, what 
constellation is seen in the western sky? Students will know that 
the sun is sli»;htly west of this eonstellation. 

Continue rotating the "celestial sphere"" until the sun reappears 
ahove the eastern horizon. W hat constellation was seen just hefore 
sunrise? The sun is aligjhtly east of this constellation. When we 
can identify the constellations thai precede and follow the sun, we 
know the sun must he hetween these two constellations. 

For example, suppose Cancer is seen in the western sky shortly 
after sunset. Hefore sunrise Taurus is seen in the eastern sky. 
From the eonstellation disk, students can see that the sun must 
he hetween these constellations — in Gemini. Looking at the sky in 
July, that is what an ohserver would see. 

I^laee the sun in other constellations to ^^ive your class an op- 
portunity to lind out what tronstellations the sun is hetween. This 
tahle shows the month during which the sun will he found near a 
|)artieular eonstellation. 



Month 


Constellation 


Month 


Constellation 


September 


Leo 


March 


Aquarius 


October 


Virgo 


April 


Pisces 


November 


Libra 


May 


Aries 


December 


Scorpio 


June 


Taurus 


January 


Sagittarius 


July 


Gemini 


February 


Capricornus 


August 


Cancer 
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SUPPLEMENTARY ACTIVITY 4-3 page ^7 Sri up n li-lil to 
ivprcsrnl llic sum. V\i\rr a •iiohr uImmU 3 (rr\ ihnn \\w WiiUu iMakr 
sure \\\r ciirlirs axis is orifnltMl as slit»\vn in ihc illuslralioii. Plarr 
anolhrr ^h»l»c opposilr llic lirsl, llir same <lislanr(^ away from the 
li^hl. Thr axis slioiihi Ix- oriciihMl in llir same dircclion as ihr 
axis of lh(* iirsl •iinhc. W'licn \\w li^lil is turned on, ol)srrv(* llial 
alxMit hall'ijfrarh ^i^UAw is illuminated. 




light 



Nittirr thr ^lnl>r at the left. Thr angular distanc(* hctwrrn thr sun 
and l*(>laris is 67°. W lirn thr rarth is in this part of its orhit, thr 
Nitrthrrn llrniisphrrr is rxposrd to morr dirrrt rays nf thr sun 
than thr Southrrn lirniisphrn* and ronsr(inrndv rrcrivrs morr 
hrat and lij^ht. Six months latrr thr rarth has niovrd haifwav 
around its orhit. Notirr thr ^rlnhr at thr ri^ht. Thr an<^nlar (hs- 
tanrr hrtwrrii thr sun and Polaris is now I 13°. Thr Southrrn 
Urniisphrrr now rrrriv(*s morr hrat and li^ht. 

(.all yonr sludrnts' attention to thr north polar arra of thr t^lohr 
on thr ri^ht. Kotatr thr ^lohr on its axis. How murh h^ht dors this 
rr^ion rrrrivr? I^ipils will srr that it is dark for a romplrtr ro- 
tation. W'hrn thr an^iular separation of thr sun and Polaris is J J 3°, 
it is wintrrffmr in tlir Northern Hemisphere and continnous 
ni^httiine in the north polar area. Encourage your pupils to ron- 
tinue workin«j; with this model to find out morr ahout seasons and 
polar days when the sn!i is 67° from l\)laris. 



SUPPLEMENTARY ACTIVITY 4-4 page 48 Although a telrsropr 
is not iircrssary for studrnts' trackin<i; of planets, thr usr of a 
small hut ^ood trirsropr for ohservinji Jupiter and Saturn will hr 
a worthwhile rxprrirnrr. Throu^Ljh a trh^scope Saturn's rings ran 
hr seru nirrly. Four of Jupitrr's moons may also br visible. 
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CHAPTER 5 



MODELS OF THE SOLAR SYSTEM 

pages 53-65 

The ccMlnil llicinr nl this cluiplcr is the search h»r iikkIcIs to iiccomit 
lor the ohsiTvcd !noti<»iis oi' cch'slial ohjccls. To cxphiin the daily 
cyrh- ol* (hiy and ni«iht, iinxh'ls of the rchitivc iiiolitms of ihr cardi and 
snn arc coiisith'n-d. On a hir^cr scah* sncccssivc niofh'ls of phinclary 
syslcnis arc cxaniincd. Kach inod(d is seen as an attempt to rcprest'nt 
rcas(»iuiMy the ohserved motions of ohjeets in the sohn* svstein. 



Main Ideas 

1. Seah* models help increase iin(h-rstandinf^ of ohjeets and events 
from very small to very lar^^c. 

2. W hen only the earth and snn are considered, the occurrence of 
day and ni^ht can he explained in several wavs. 

A. \ arions models have hecn devised to acconnt lor the niolions ol* 
the snn, moon, and planets. 

1. \h)(lcls are considered rcasonahle as lont^ as the ohserved facts 
ill the models. The simplest model may he preferred. 

5. When new I'acts of ohservation are discovered that do not fit an 
existin«^ mod(d or theory, the model or theory needs to he changed 
to account for these facts. 



Suggested Materials 

hall lamp without a shade llashli'^lit wire clay 



Suggestions for Teaching 

MODELS OF DAY AND NIGHT 

pages 54-56 

Page 54 \\\ the first model, the lamp must he carried around the 
earth in a circle. The time for one complete circuit is e(]uivalent to 




a (lay. St^alrd o\\ iUr lUnw in a lar«;t.' circle around ihc luill, ihc 
sludcnls will srr ihc chanf;(*s uccurrin«!; on ihc i'acc of ihc hall. 
Half Ihc linu* llie pari of llw* hall llicy sec will he li|^hl (daylinic); 
ihc remainder of ihe lime lhal same pari of ihe hall is dark (ni«;hl- 
lime). Sladenls shonid nnlic(* ihe rhylhm o( day and ni«!;hl lhal 
HM-urs wilh Ihe rc^idar circlin«; of ihe sun in ihe model. 




[^p PbQG 55 hi ihc second acli\ ily, pupils are direcled lo fomiulale 
olher sun-earlh models lhal would accoiinl for day and ni>;hl. 
Willi ihe sun slcilionary, Iwo mo(l(ds will salisfaclorily explain ihe 
occurrence ol' day and ni^Hil. hi one (Ki*;. 1), die earlli spins (m ils 
axis l>iil d(K\s nol move around ihe room, hi die second (Fi<;. 2), 
\hr carlh docs nol spin cm ils axis hul moves in an orhil around lh(* 
sun (Mice a "day." n()lh models are valid if lli(» hack^routid oCsUirs 
is nol considered. 




\()W, recall ihe annual tnolion of die sim a^ainsl the slars as oh- 
s(M'vc(l in Chapter 4, "'Wanden^rs A«;ainsl ihe Stars " With this 
inh>rmali()n tlu* model in Ki^. 2 is slill valid. 



When n^aditi*; ahoul the (^reek ntodel (pa«;e 50), your pitj*i[.; will fuul 
that the siui was kttown lo he in diff(M-enl ccjristcllations llir(ai<;lioul the 
yc^ar. Have them compare the dwis ohserved hy the Greeks willi their 
plot of ;lic .sun's position anion*; the slars. They will (ind that tlu* sun 
has returned lo {\\r same posili(jti in the sky for thousands and thou- 
sands ol' years. 
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MODELS OF PLANETARY MOTION 

pagos 56-57 



BACKGROUND INFORMATION Claudius Ptolvmy (^'WXhclHuvt') 
luhoui 150 A.UJ was au ustwtwuivr who lived in thr Egypiiun riiy of 
Alexutulriiu His work is kuowu through fv; Andflr trouslntion of his Ja- 
mons trvatis(\ ihv Aliiui^fsl. His giuicenirir modvl of the world used 
cidryvles — rirdes on circles-- to help explain the observed utotioas of 
the fdanets. 

[^iP Page 67 This aclivily provides opporliinitcs for your hoys iuul 
«!;irls to (Irv('h)p a throry of plunt'Uiry motion with the rarth at the 
(♦(Milcr of the iinivcrsr, our pupils shouhl Iry to nuikr priu-il and 
paper (iia^rams hfforc they make inoihds or enart the schemes. 
Kaeh \\e\y ii»0(hM shouhl l)e tested a*:;ainst two ohserved faels: (1) 
Peiiodically, .\hn-s a p-^ ears lo move hack ward, and (2) Mars ap- 
pears l)ri>;htf^st in ihe mi(hlle of its hack ward motion. 

In die IMolemaie system, the earth was eonsidered motionle.ss. It was 
al the center of the tun verse, h was neither s|)innin*i; nor moving in any 
kind of orhital motion. A major premise of Greek astronomers was that 
celestial motion was "perfect."' This perfect motion was circular mo- 
lion al a co?istani speed. Kncoura>;e the members of your chiss to sketch 
iheir ideas and test them, usin*!; a system of circles. 

hi 5'tolemy\s solution, ohserved facts recpiire that Mars move in a 
little circle which in turn moves in a hi';*:;er circle. The speed of Mars 
on tlie hdle circle must Ik^ greater than the speed of the little circle 
al()n>; die hi^ circle if the rffect ol hack ward motion as seen from the 
earth to he ohtained. 
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Such a iiuhIcI also acroimis for an additional fact — thai Mars is hii«^hl- 
est at [\\v I'riilcr nl* iho hackward hiop. \\\ this position it is chisost In 
the rarlh and wonhl appear hrif^hlcr. 

COPERNICUS 

pages 58-62 

BACKGROUND INFORMATION Mrliolas Copernicus (ciih-PEn-nic/c^ 
lis) was (I mitivv of Poland. In his early years he studied law and niedi- 
nne. Later he became interested in astronomy. His f^reat contribution 
to this field was his heliocentric or sun-centered theory of the solar 
system which opposed Ptolemy\^ earlier geocentric or earth-centered 
system. 

Copernicus did not strive to have his theory published. Eventually, 
however, it was printed through the efforts of a Protestant scholar and 
a Lutheran priest who knew Copernicus well. The completed publica- 
tion is said to have been given to Copernicus just hours before his 
death in 1513 at the age of 70. 

His system was con.sidered by many people to be simpler. It finally 
Jound acceptance, although there were objections both on religious 
and astronomical grounds. 

I^p PQge 59 The activity on this page is an enactmcMit of the 
Copernican model of the solar system. Tliis activity may also he 
dnplicaled indoors with some stationary ohject taking the place 
ol the flagpole. The essential feature of this model is the way the 
(•(Mitral ol)ject (the sun) seems to move against the fixed hack- 
gnanid. As pupils <lramatize tliis model, ask them to find out how 
much of a circle nuist he traveled hefore the flagpole appears 
against same l)aekgronn(l again. They will find that they must 
travel through liGif [)efore the flagpole is seen against tlie 
same "stars/'' 

Kniphasize the major premises of Copernicus as contrasted with those 
of Plolerny. In llu^ Copernican system (pages 59-60), the sun is motion- 
less at the cent(M- of tlie universe. The earth spins from west to east on 
its axis once a day, ac(!ounting for the ohserved daily motions of 
celestial objects from east to west (except meteors and, at the present 
lime, nearhy earth satellites). Tlie spinning ear'ili moves in an orhit 
around the sun once a year. Other planets do the sauje, [)ut they orhit 
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llu» sun al (lilTcrfnl dislanccs. Sdinc iiiovc ummv (|uit'kly ihanollicrs. All 
orhits an* th()U<;hl to he (MniihinatioiKs (if cinMilar motion. 




Mow does this model account lor the appan^nt hack-uj) motion of Mars? 
Mars' hackward motion can easily l)c explained if the earth is movinj^ 
at a t^reater velocity. Pupils can test this model on the playground. 

Su|)plementary Activiti(»s 5-1 and 5-2 help reinforce the Copernican 
explanation of the h)op-to-loop motion of Mars. 

Page 61 This activity reinforces a youngster's understanding^ of 
the reason tor Mars' increase in hri^iihtness. Your class knows that 
hrit^htness is related to distance. 

p'or he St results, cover the h'ns of the flashlit^ht with a piece of 
waxed paper or tissue paper. "Mars" should point the fhishlit^ht 
dir(M*tly at the ohserver's eyes. To ''earth," the light will hecome 
hrighter as he catches up to "Mars." When "earth" is closest to 
"Mars,'' the light is brightest. As "earth" pulls ahead (and away 
from) "Mars," the light hecomeJs less bright. 

Most pupils know that Copernicus' scheme was the more nccurat(» of 
the two contrasting nuxlels. At the time, however, there was no conclu- 
siv(? (»vi(lenc(* that one model was superior to the other. 

You will want to njview with your pupils how it was possible to have 
two opposed, yet e(|ually satisfactory theories. Each theory was sup- 
ported by the available observations. Based on these observativ ns, each 
theoiy att(Mnpte(l to explain the pattern of planetary arrangement. 
Furthermore, each theory attempted to explain the observations in the 
simplest possible terms. The following section will describe further 
gathering of evidence that began to tip the scales in favor of the Coper- 
nican model. 
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GALILEO, JUPITER, AND VENUS 

pagos 63-65 



BACKGROUND INFORMATION Gnlilvo Galiln (fraMi-LAY-oh) was 
horn in l^isa in 1564. lie rnrinul his cnrly training in u Jesuit rnonas- 
/(TV. 77/(7/ thrrr wrrv two wars of vonvvntratcd study in mathematics 
foUownl hy a series of teaching assignments in l^isa, l\idua, and 
Florence, 

Galileo is well known as the frst person to use an astronomical tele- 
scope. The ohserrutions he made of Jupiter and its moons and of the 
phases of l eans proved that the Copernican theory, not the Ptolemaic, 
was the correct description of the solar system, Galileo had favored 
Copernicus* heliocentric hypothesis all along hut had not committed 
himself publicly for fear of being burned at the stake as others who 
were considered heretics had been. As it was, the Inquisition put him 
under "house arrest"' because of his opinions. He lived in Florence 
until his death in 1642, 

l^P Page 63 Workini^ with tin- witv and foil hiills, students can make 
a lairly 'ijood ttuxlcl of tlu' ttiotiotis observed hy Galileo. As the 
wire is slowly rotated, they will see tin* small hall move in one 
din^ction across tin* face of Jupiter. It contituu^s, stops, reverses 
its direction, attd tluMi pass(»s heyonci the other si(l(» of the planet. 
It (lisapp(»ars l)(>liiMd the planet for a short time then reappears, 
still niovin*^ itt the sattK? din^'tion. Soon it slows down, slops, and 
rcverse^s a«^ain. 

Up to this point ihe Ptohwnaic and Copernican mo(hds seem (Hpially 
valid. The inv(Mitiott of the tedeseope opetted up new possihil ities for 
ol)S(Mvin«^ the planets and for «^atherin^ additional data. Galileo's 
observations of V(mius and its phas(\s set \he sUv^e for re-examination 
oi the twt) theories in li*^ht of ihr new evidence. 

[^P Page 64 Ptolemy's model, at the top of the nc^xt pa^e, indicat(»s 
plaeemenl oftlK^sun and Venus with respect to the (?arth.A pupil 
should hold the hall r(»pres(Mttin*^ Venus on his head and follow 
the PtohMtiaic motions — a litth^ vivdc on a Iar«;er circle. Work the 
activity in a darkt^ned room. As ''Vt^uis" moves alon*^ its orhil 
aroutui "earth," it also mak(^s small circdcs. This douhle motion 
may Ix^ dilFicult for ''Verms'' to accomplish. Tlu* sanu* elTe(!t may 
he ol)s(W-ve(l if the* motion of ''Venus" atui the nrolion of the '\sutt" 
are slopped frotti lime to liuH* lo permit ohservation and discussion. 
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The "sinr' will move aloii*^ a path arouiid 'N'artli," always shiiuii*; 
oil "Venus." The *\siin" must always he uu a liiu* conucctin^ 
'•Venus'' and •"rniili/' Now, dirt'ct the ubstTVcfs C^carth") at- 
tention to tlir phases of "Venus.'" What phases are seen? Ask if 
*• Venus" is ever seen as a eoniplete eirele? (From the ohserver's 
position on earth, Venus is seen to >;o through some phases hut 
is never seen as a complete circle of li^ht.) 

Copi'rnicus' scheme is sketched hclow. Enact the model accordin*; 
to the Coperniean system. The *'sun'' is in the center, always 
shining on "'Venus." '*Venus" moves in orhit at a steady speed. 
Farther from the '*suu," "earth" orhits somewhat more slowly 
than "Venus."'* Earth" watches Venus" to ohservc the phases. 




As motion starts, the observed phases of "Venus" will change. 
Vt^hen '*earth'' sees ''Venus" in full phase, Ijoth should stop their 
motions. Ask your students to notice their positions. What are the 
positions of Venus and the earth when Venus is "fulT'? (The two 
planets arc on opposite sides of the sun.) Start tlie motions again. 
Stop them when *'earth" sees "Venus'' in the new pliase. What are 
their positions this time? (Both plam^ts arc on the same side of 
the sun and about in a straight line with the sun.) In the Coper- 
niean system Venus can go through all ])hases. 
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Plnl(Miinic MKMlt^l vwUl not imm^oumI lor nil (ihsiM'vrd of 
\'('!ius. In lnll()\viii>^ clmnliM', your chiss will kiirii \m\ iuMliioiuil 
rvi(|(Mic(» iiltitiwiloly |<mI It) iihiindoniiUMit (irilu* iu(mI(<| oI' PloltMUy iw\ 
\\\r vr\\\\v\w]\\ {){' {U\\)vv\\\vi\\\ vipw of llir soljir .syshMil, 

Wlirii ivvi('\viiif^ the nuijor ideas of lliis cliiiptri, riir(>iinifr(» your hIii- 
d(Mi|s to HvnwU for additional hio^raphical nuitcrini on Ptoh^ny, ( inlihMJ, 
and (lopcrnirus. The livos of thrsc nirn aro rrh^vjint lu tlir niatorial 
in this chapter. In addition, their theories ahoni the (n'gani/.atioo of the 
solar systoni rrprcsrnl an rxeellrnl example of (he evolntion ol'nn idea. 
In this eas(» vnvU idea had merit imtil I'aets were ohserved whieh east 
(hniht on one of tin* hypotheses. Students may he surprised to learn that 
Ptolemy's lln'ory was not easily abandoned. Only in the faee of over- 
whehiiinfr evidenec^ ^ather(»d Inter hy Tyeho Urahe and oiIkms did the 
Ptolemaie theory ipiietly die. 



Supplementary Activities 

SUPPLEMENTARY ACTIVITY 5-1 page 60 Apparent haek-np mo- 
tion may he demonstrated in the elassroom. At a point in the 
room opposite the hiaekhoard, make two eoneentric semieircles 
. with nuhi ol'l] feet and 4...5 I'eet respt^ctively. On the center of each 
arc mark a reference point. On the inner are, mark three points on 
(»aeh side of liie center point. The points should he :iO° apart. On 
the outer arc, mark three points on ench side of the center point. 
These points should he 15° apart. NunihtM* these points as indi- 
cated in the (lia<;rain helow. 




Draw a (dialk line on the hiackhoard from one side to the other. 
Startin*; at the right side, |)la(^e marks one foot aparrall the way 
across the hoard. Nimiher the marks in ascending order. This line 
will r(»present the stellar hackground. 
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Hiir |m)|mI hinnils on ptihilini) I nn iIm* (iiiirr ciivh^ iuxl ivpiVhiMiis 

''Mhih'' iif^ninsi \\\r lun-kfuniiiMl, Af'aiiwl uliiil sims doch 'Nwirlir 
SIT "Murs','''* 'MmiiII)'' cullh oui ih(< nutulitM' iind il in iMM-oidtMl (or 
i'Ium'IvjmI (Ml llu' hliii'klHuirill, W lini ol)Si<r\nliiMi U (MiiiipkhMl, 
llii" phmrls III pDMitiiii) :^ nl' iIkmi' tuiiils, WImmm- ih "MiUh'' 

s(MM( ii^nin'^l lln' lwu'kf»ri))iml? ConliMUi* ihis priHMMhiiv until lioih 




"I *u I * sliould |)t' ahic In ()l)s<»rv(' the appiircnl hack-up innliun ol 
''Mars." This slunild also Iw apparent In [\w class. ''Mars'' app(*ars 
to niovr ahont llic sanu* distance eastward in the ilrsl two positions. 
Then it sIkhiIcI slow np aj^ainsl the hackj^riunuL reverse its direc* 
lion and move westward. Finally, Iroui llie last two positions it is 
seen moving eastward once aj^ain. 

II the activity i.s repeated, ollu*r ohservalions may he nuide. For 
example, in position 1 ''Mars'' is in the nnddle ol its haek-np 
motion. At tliis time "Mais" and ''earth'' are lined up with the 
'"sun" (the center ol' the eirch»s). 

Now lead your class in a discussion oj' these ({ueslions: 

1. When does Mars' anj^ular motion seem »!;reatesl? (Durinj^ its 
haek-up motion.) 

2. When is Mars seen to movi* v(*ry sh)wly? (At the times when 
il reverses its di reel ion.) 

Fh)W does Copernieus' model account lor the increase in 
hrij^htness? (Ask the children to notice where Mars is when 
il is exactly opposilr,* the sini from the earth. Then il is in 
full phase. They will see thai we are also closest to Mars at this 
lime. As a result, this is when il appears the brightest.) 
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|^](^) auPFM-KMf-INTAnY ACTIVITY 5^2 mi^tU) This nriivilv i.^. wry 
iMMi'li llip ^^jimc US iluH (tn piifAt' -V^ it) lh(« imiiiTh iMliiiiMi, 
pliii^r Ml) j'vhu jiiipil in 'NMi^iT' which in \\\ n ^iviihM' (hhlnnrn 
horn \\w ''siiir iliMM 'N»niih'' in, Slml iIumd iuniitul in llioir riivh'h, 
"iMUih" ih moving rtninowhi)! *'M{\\h'' Ah 'N^uHT 

wDlrlu's "Mi)i>.;' luul ll)i' hnrkf^hMii)*! hrliinil ''Mnrs/' ih(»y niv 
holl) iMihiiif^ \^ "iwnll)'' n|i|)n»iii'h('h ''Mwv^,' \\v shniihl wnlrh 
"Mjirs"* niuiioi) jifu)ins| iliis iMick^'ioiiDil, "Mins" will shhv »lnwn 
iifumisi ih(> hjirk|^nMm<l, siM-ni In sli)|i ntxl iii(i\(' hiirkwiinl iif^niiisl 
iIm' hjn'k|uniniil, jind iImmi must' turumd nf^nin hrrmv, 

|mi|mIs iiihn \u\\r lo f'o lliinii^>h ihosn ni(i(his (»l Miolion 
spNt'iiil liniivs hiTdir ili('\ can rnnlily nolirc ihr hiM'kwtird molinu 
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CHAPTER 6 

TYCHO AND KEPLER 

pogoa 66«91 

In lIuH I'haphM', shidrnlrt lind oiil how Krplcr iihimI I()()|M().|<h)|) liiiK^H lo 
llx' iH'hiljil |MM'i()(ls ol' th(* known phniclH. Thoy h(m» how 
Krph»r srjiivhiMi Inr and fonnd hiws liMh'scrih(^ ihfohsrrvnl inolionsor 
phmpls. Slndcnls (h'vrh')p nn(h'rstnn(hnf^ of how K(»|)h»r's Inws 

provi(hMl sullicionl supporl for U( plniic(» of ihc (;op(»rni(wni ihcory of 

ihc sohn- sysn'iii. As sMmIciiIs share Kcph'r's (jncsl, ihcy (»\porirn(M' 
sonir ol' Ihr wnys in which s('i<»nli.sls scnrrh lor pr(M>r. 



Main Ideas 

1. Tyi'ho's arninilc and syshMnalic mrasiinMiUMils of [\u> p()sili(»ns 
ol phmcls and slars pn)vid(»(l Kc^plcr widi rcliahlf rvi(hMU'(' lo Icsl 
die (iopcrnican dicory. 

2. K(»pltM- (HscovcnMl {\\rrr hiws of phnu'lary motion whi(:h dt'serihc 
the orhils of phuu^ls. 

3. Kt'ph.'r's hnvs wvvv eonsislenl wid) die general C()i)ernican scheme 
of the sohu- sysUMU, hul inodiiied die Copernican model. 

Suggested Materials 

tlniwin<^ hoard or sUlf eardhoard siring; 2 dnnnhlaeks 
I^rolraetor hall ruler 



Suggestions for Teaching 

TYCHO 

pages 67-68 

BACKGROUND INFORMATION The Danish astronomer Tycho Brahe 
(TIE-A'oe BRAH) is one of the most fascinating figures in the history of 
science. Born of noble family in 1546, he became interested in astron- 
omy when there was an eclipse of the sun in 1560. While at Leipzig 
studying law in 1563, he observed a close approach of Jupiter and 
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Sdttirn. According to conipntdtions of tluil time, the . event should not 
hove occurred In the icoy he observed it. It loos clear to Tyvho that 
(istronoinv was not yet as exact a subject as it mi^ht he, 

Tycho was a rather tenipestnoas character and often had difficulties 
getting along with others. Daring his student days he and another 
yonng men argued so violendy about the solution to <i geometry problem 
that thv} settled the argmuent in a duel in which Tycfa) lost the end of 
his nose, lie had a false nose-tip made of gold, silver, and wax. 

Tych(>\s reform of astronomy consisted primarily of a careful and exact 
mapping (f the heavens, especially the planets. In order to obtain more 
exact ohsen'ati(ms than his predecessors, Tycho constructed instra- 
meats of a size not previously attefiipted. One of the novel features of 
his establishment was a printing press which eriahled him to publish 
and distribute his tables and treatises at once for the use of other 
astronomers. He worked near Jutland on the island of Hren until after 
the death of his potron. He spent the last years of his life in Prague as 
astronomer to King Rudolph of Hohemia. He died in 1601. 

W) lirlp sliidrnls visiuili/.c [\\e lioy iraclioii of a dt^^rcM* Tvcho was ahle 
to nicasiii'f, M'v SupplfDienlai y Aclivily 0-1. 

Tli(» lir))j» lint* on paj^r 6H is included to hrip rhildion d(*V(dnp sonx* 
notion ol tlu* liiV spans ol" sclrctrd aslrnnonxMs of the piM'iod. 

KEPLER 

pages 68-70 

BACKGROUND h\iFORMATION Johannes Kepler ( yor-\{\\[^^ess KKP- 
ler) icas Innii in ijecendwr. 1 57 L in the I) achy of If iirttemherg. /lis 
early schooling icas irregiilor. but he Jinally obtained a bachelor\s 
degree and a master's degree by 1591. He was originally intended to 
become a Lutheran minister, but he turned to mathematics and astrorv 
(miy. accepting the post (f provincial nuithematician of Styria in 1591. 
His job consisted in part oj preparing a yearly almanac that contained 
astronomical and astrological information as well ns long-range 
weather predictions. Successful u ecther predictions made his reputation. 

In 1600 Kepler Joined Tycho in Prague. After Tycho' s death Kepler 
was made his successor. /A- held rarioiis other jobs and seems to hare 
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hern in constunt <lijfiniltirs with his nohlr patrons, lie died in 1630 at 
59 years aj age. He was a fine interpretive scientist, lie was a man of 
wild and faneifnl ideas, hat also ahiuidantly endowed with eantiofi. 
If the eonsequenres of his ideas didiCt ft the facts, he rejected his 
ideas — not the facts, 

Kepler's three laws of phiiu^Uiry inolioii sIkuiM nol he ({uiekly <»r sujUM- 
lu ially iiilrodueed to the class. Tliroui-li the aelivilies tins ehapler, 
it is inleiitletl that students will lirst devtdop an intuitivi* understanding:; 
ol the laws helnre the laws are ael'.iallv stated. 



Here are Kepler's laws of planetary motion stated in eoneise lorni: 

/. 1 he orhit nf a planet is an ellipse, and the sufi is located at one 
Joe lis of this ellipse. 




.'i. I' or any planet, the s<piare at/ the orhitnl period in years is apial to 
'the ciihe of its (irerage distance froni the sun in astrononiical units. 
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Contrast the roles of Tyolio and Kepler. Tyclio was the threat observer, 
the collector of facts ahout the motions of ohjects in the skies. Kepler 
used these facts of ohservation and interpreted them to form a general 
description ol motions. He assumed that measurements taken with 
Tycfio's instrum(Mits were coiisistent a!id precise. He also assumed that 
the measurements were made from a moving platform — the earth. 
Through (dass discussions your students should he led to realize that 
Kepler's work was hased on these assumptions. Fortunately he was 
justified in assuming iUcm, hut during his time there wa>: little positive 
prool to support them con(dusively. 

LOOP-TO-LOOP TIMES AND ORBITAL PERIODS 

pages 70-73 

[^P Page 70 Ai\cr sullicient experience with this activity, students 
should he given the opportunity to discuss what they have ob- 
served. The following (piestions will help students focus their 
attention on [he reh^vant features of the motions. 

IT lint is nhscrrcd fmrji the earth? Mars up|)ears to move against 
die background. However, when earth is overtaking Mars, Mars 
appears to l)e moving backward. When Mars is closest, it is in the 
middle of its backward motion. Earth, Mars, and sun are then 
aligned. Mars is opposite the sun. It takes one loop-todoop period 
h)r the eardi to overtake Mars again — when Mars is again op- 
posite the sun. 

What is observed from the sun? Kartli and Mars move steadily 
around the sun against the background, but Mars moves at a 
slower angular rate. From lime to time earth and Mars are lined 
up, and then earth moves ahead of Mars. The time interval be- 
twe(Mi these alignments is the loo|>to-loop period of Mars. Your 
students should understand that earth has gained one more lap on 
Mars each time the planets are aligned. 

Page 71 The sample problem on this page is intended to develop 
your students' understanding of Kepler's method for calculating 
the oH)ital periods ol' various planets. The pr()l)lem data are 
imaginary so that the computation is simple. 

F'or further work with your class with planets Inner and Outer, see 
Supplementary' Activity 6-2. 
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CerUiiti regularities (^ati l)e tioticed in the tnhle on T,i. Loop-lo- 

lo()|) tiriK^s itiereiise Irotn the sun outwiird to the (Uirth, Beyond the 
enrth these [)et'ii)ds (hviense, but they never are h'ss thiiu one year. 
Another ret^uhirity is lhal Hie orhiUil [x^riods iner(»nse steachly vvidi 
the (hstcinee Ironi the smi. 

A tnore eoni|)h*t(* (*\[)huialion oT die ndalionshif) between (Hstiinee and 
oil)itid period will follow later in this eha[)ter when Ke[)ler's third 
law is explored. 

Sn[)|)h»tneiitiiry Activity will introduce the niathenuitieally inclined 
menihers of your class to the c()m[)Utation involved in deterniitiint^ 
orhitid periods. 

THE ORBIT OF MARS AND KEPLER'S FIRST LAW 

pages 73-79 

BACKGROUND INFORMATION How Kepler was able to locate the 
position of Mars from pairs of observations is fully developed in the finst 
hook of this series, Charting the Universe (see Chapter 6, ''Charting 
the Solar System''), The following is a simplified explanation, // is not 
necessary to ivork it out with your pupils unless they are concerned 
ahout the procedure of plotting the Martian orbit, 

L Every 687 days. Mars returns to the same place in its orbit, 

2, In 687 days, however, the earth is not in the same place; it has 
moved to a different position in its orbit. In fact, these two positions 
make about a 33^ angle at the sun, 

3, From an observation point on the earth, the angle bettveen Mars 
and the sun can be measured on two occasions, 687 days apart* Then 
one position for Mars can be plotted. See the diagram below. 




Earth has not quite made two revolutions in 687 days. 
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4. By using many such pairs of measurements, the Martian orbit 
may be drawn. 




[^P Page 76 In llie activity on drawing ellipses, the students will 
|)n)hal)ly stai i with stiff pa[)er or eardhoard. If possible, the paper 
should he at least 8V2 by 11 inches. Larger paper, if available, will 
provide space for more experimentation. The string should be 
about 15 inches long for working on the small sheet of paper. 
Larger string lengths can be used for ellipses on larger sheets. 
The string should always be kept taut when the ellipses are 
being drawn. 

Theoretically when the tacks are as far a[)art as possible but still 
inside the loof), a straight line would he formed. As the tacks are 
broughl closer and closer together, the ellipses become more and 
more circular. When the tacks are together at the same spot, a 
circle is formed. Note Uiat the plural of foc.s i« foci (FOE-sigh). 

Use Supplementary Activity 6-4 at this point. 

An astronomical unit (page 77) is defined as the average distance from 
the earth to the sun and is about 93 million miles. The average dis- 
tance of a planet from the sun is defined as the distance from either 
perihelion or aphelion to the center of the ellipse. 

The perihelion distance of iVIars is 1.38 a.u. from the sun. The aphelion 
distance is 1.66 a.u. When these distau cs are added together and then 
divided by two, the average distance is found. In the case of Mars, the 
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avtM-age listarufo from the sitn is 1.52 a.u. Point out that aphehon, 
perihelion the two f'oei, atui the cetiter of* the eMif)se all lie in a 
straight litie. 

Page 78 hi this aetivity, stiuletits are directed to try to drnw a 
si^de moih^l of \hc orhit of Mars, Stress the fact that piwilu^lion is 
units of measure, wIkMIkm' it is in terms of a.u,, inehes, miles, 
or ar)y other utiil. In the satne way, aphcdion is 1.66 uiiits. Students 
tTiay itivent their owti seahvs for the model. One* satisfaetory srale 
is Ii astronotnieal ntiit (^pials 2 ineh(\s. On this s(ude tli(* orhit eari 
he drawn on a sheet of 8V2 hy I hineh paper, harder scales will 
HMprire lar»j;er paper. 

Make a ruhnl line ahout 8 inches loiij;. Near the middle of the lirus 
mark an \ as the location of otic focus (the sun), I^tt perihelion 
2,76 inehes on one side ol the mark and aphelion ',\/,V2 incdies on 
th(* opposite side. The "'empty" foeits will Ix* 2.76 inches from the 
perihelion point. 



focus (empty) 

\ focus (sun) 
-3.32 in. \ yK 2.76 in. 



-^--O • 

i4 2.76 in. M perihelion 

aphelion 

loop of string 



-3.32 in. 



Make a loop ol string w^ith the dimensions as shown. These dimen- 
sions lit the scale selected, l^ress a taek into each focus and loop 
the string; oy(M- the lacks. As hefore, the ellipse is made with the 
pencfil inside the taut loop, orhitin^ the foci, H' the measurenKMits 
are accurate, tln^ orhit should pass throupjli the perihelion and 
aph(dioti points. The ehances are that small errors in njeasurement 
resulted in an orhit that didn't pass exactly throup;h these points, 
hnl W(M*e close enough for tlie class to see how the scale model 
repr(>sents Mars' orhit. 

IMaee the point of a pencil compass at the center ol the ellipse. 
Set th(^ (M)mpass at the aphelion distance. Use the compass to draw 
a circle. Compare the two figures. By looking closely at their 
ellipses students can see that th(\v are nearly circular hut that 
th(*y are not perfect circles, 

73 



74 



Recall tluit both Ptolemy ciiid Copeniituis roiisidered lluit the plnnets 
moved in perfect circles. Wluit does tlie students' evidence show? Do 
planets indeed move in circlets? 



Here are tlie answ(M\s to the (]iiestions on pa<;e 79: 

1. The average distance is 9:j,00(),0()0 miles. 

2, From tlie sun to tlw* empty locus is 94,500,000 miles minus 
91,500,000 miles, or 3,000,000 miles. Since tlie sun's diameter is 
approximately 860,000 miles, liow many diameters are found in 
3,000,000? When 3,000,000 is divided by 860,000 it equals approx- 
imately 3.5 sun diameters. Therefore, the two foci of the earth's orbit 
are relatively close together. 



sun's diameter 




91.5 mlMion miles /"'^ empty focus 94.5 million miles 

-to penhelion x 1 _x to aphelion 

-3.5 sun diameters — »H 



3. Mercury's average distance from tlie sun is 36,000,000 miles. 

4. The empty focus of Mercury's orbit i.s 14,900,000 miles from the 
C(Mitcr of the sun, or about 17 sun (liameters. 



KEPLER'S SECOND LAW 

pages 79-82 

This section introduces the evidenc(» thai led Kepler to find the second 
!aw of planetary motion. 

Page 82 The path taken hy the students need only be roughly 
elliptical. iVrihelion, or what you might call "peri-hall," is, of 
course, the closest point in the orbit to the ball at one focus. 

NUMBER THREE OF JOHANNES KEPLER 

pages 82-87 

l)i.stances and orbital periods of other planets are ex|)ressed in units 
of the distance of the earth from the .sun (o!ie astronomical unit) and 
th(^ time il lakes for the earth to make one complete orbit around 
the sun (oik^ year) (see tal)le, pa^e 83). 
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[^) Page 83 Thv ^n\\)\\ us(m1 in cotijunctlon with tliis activity iti- 
cludes otily tlu' first five planets. There is no known phmet at a 
(listatiee of 4 a.n. iVotti the sun. Tliis fi^un,' was chosen hecause it 
will l)e eotivetiietit lor the students to use in the saniph* eahrula- 
lions. From the ^raph, the hest estimate of the planet's orhital 
period is 8 years. 

The ([notation horn Kepler (pa<^es 81-85) serves to emphasize for the 
eliildren that it took Kepler as lon<^ as seventeen years to develop 
his three laws of planetary tnotioii. 

In the fust of the two puzzles on page 86, your pupils ean think of a 
variety of ways to fill in tlu» mitnerals of the set. All that is retjuired is 
some consistent rehitiotiship atuotig tlie numerals. Some possihie sets 
are listed here. The studcMUs ean diseov(M* otluM's. 

1, 2, X 4, 5, 6, 7, 8, 9. 
1,2, 2, 1,2, :i 2, 1. 

1, 2, 2, 1, I, 2, 3. 

2, 2, 1. 1, 5, 5, 6. 

0, 2, \ 5, 6, 8, 9, 1 1, 12. 
1.5, 2, 3, 5, 9, 17, 65. 

As the students invent sets, ask tliern to suhmit them to the class in the 
form of th("ir oww puzzles. This will test the class and the puzzle 
tnaktM\ The intent of this a(!tivity is to help students rt?alize that when 
data an* litniled, many conclusions nmy he hased on tlie limited data. In 
tliis (,'ase the conclusions will certaitdy not he in agreement. 

In the second puzzle it would he very didicnlt to think of any nunterai 
hut 6 to insert in the space. The rest of tin? data in the set are quite 
t^xtensive and leave no room for anytliing else hut the conclusion that 6 
is the numeral that helongs thert?. Clearly, any rule made ahout the 
first puzzle would he hased on rather sketchy evidence. But one can put 
the 6 in the second puzzh* with a feeling of considerahle (Hjufidence. 

Page 86 Here are the points to diseu.ss in the four examples: 

I. For an average distance of '^ a.u,, the graph gives tlie orhital 
period of just over 5 years (5.2 years). The cube of is 27. The 
s(|uare of 5 is 25, and the S(|uare of 5.2 is 27.04. Rounded off, 
it is 27. So the cuhe of tin? distance ('i) is ecjual to the s(|uare 
of the period (5.2): 3 X 3 X 3 = 5.2 X 5.2. 
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2, The avcra^'f distance can l)c loiind on the <j;ra|)li. It is 2.1 aai. 
The (hytance can also l)e found iisin<^ Kepler's I'orimda. II' lh(? 
period is three years, its s(puire is 9, To find the distance one 
needs to lind a ninnher that, when euhed, «!;ives 9. The numl)er 2 
is loo small (2^ = H). The lunnher is nnich too lar<;e (3^ = 27). 
The nnndjer must he very close to 2. II" 2. 1 is cuhed the result 
is 9.201. This rounds oil to 9. At a distance of 2.1 a.u., a 
spaceerai't would orhit the siui Ix^yoiul Mars' j)atli. 

3. The tahle on pa>;c 87 should he completed like this: 





Orbital 


Average Distance 


Imaginary 


Period 


from Sun 


Planet 


(years) 


(a.u.) 


V 


2.8 


2.0 


W 


4,0 


2.5 


X 


5.2 


3.0 


Y 


10.0 


4.6 


Z 


11.2 


5.0 



1. The average distance of the ohject from the sun is 100 a.u. 
Cuhe the distance and the result is 1,000,000. What numher 
s((uared is 1 ,()()(),0()()? This nuMi[)er is 1000. The orbital period 
ol" the lar-out ol)jt"ct is therefore lOOO years. 

. THE SPEEDS OF THE PLANETS 

pages 87-91 

Tliis seetion, coneerru'd with orl)ital speeds, is directly related to 
Kepler's thini law. He sure your students develop the understan(lin«; 
that inner planets move at «;reater orhital speed than out ^r plaru'ts. 

I^3p Page 88 II" you (duui«;e tlie distances into feet in this activity, 
then the division is simple. Sam runs at 20 ft/sec aiul Cluick at 
10 It/scc. Therefore, Sam runs twice as fast as Chuck on the 
avera»ie. 

Students need to know how to lirul tlit" eircumferenee of a circle when 
tlu^ radius is known (pa>;c 89). (^ircumlereiu'c ecpials two tinu-s the 
radius tinu^s pi. In the case of the earth, the average distance from tlie 
sun is the radius of the orhit. Students nuiy use tlu' value of pi expressed 
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as a m'\\vi\ tuimber (3 1/7), an iinpropcr fraclion (22/7), or a dccinial 
IVarlion (.H. 14). i\Iiilli|)lyiM<^ (lie radius hy pi aiid hy 2, llu'ir calculalions 
should rcsull in a nunihcr approxinialinjj; 5M() lo niillioii tnilfs — a 
«^ood t'sliinalc of ihc circnnircnMicc ol Uio carllTs orhil. 

To calculalc dio nunihci of seconds in a yrar, llic iiilorostcd sludonl 
sliould work oul this prohh^n: ()() X (A) X 21 X .%5 = M.n inillion 
seconds per year. Kinally, (hvichn*- million nulos hy million 
S("('onds results in a li^ure of ahoul I8V2 miles a seeoiul. This is the 
("arlh ^ a\("rai:e orhilal speed. 

Page 90 I lere are ihe main points of discussion for the i)rol)lenis 
on pa^es 90 and 91: 

1. The lirsl prohleni follows directly from the discussion on 
|)a^e ^^9. Notice the relationship l)ctween avi.'ra^cdistance from 
the sun and orhital spee<l. The first plaU("t is foitr timrs the 
enrdrs distance from the suri. It travels at half ihe earth's 
sp("ed. Th(" s("cond plane! is nitir tinu\s the earth's distance. It 
travels at oiK^-third the speed ol' the earth. At a distance of 
l() a.u. a plan("t would travel ahout ouc-fourth the earth's 
s|)eed — ahout 1.5 mi/sec. 

2. If the average speed of a planet is twice that of the earth, the 
planet is V4 a.n. from the sun. The completed tahle found on 
pa^e 90 will look like this: 





Distance from 


Fraction of Earth's 


Average Orbital 


Planet 


Sun (a.u.) 


Orbital Speed 


Speed (mi/sec) 


Gamma 


V4 


2 


37 


Earth 


1 


1 


I8V2 


Alpha 


4 


V2 


9V4 


Beta 


9 


V3 


6V6 


Delta 


16 


V4 


4% 



l*'rom the tahle, your pupils may notice something else ahout dis- 
tances and speeds of planets. Tlu" orhital speed of planets, com- 
parctl to thai of the ear th, is the inv(U-sc scpiare root of the distaru;e 
in astronomical units. Few stutlents arc likely to state the relation- 
ship in this way. But many may se(r the mtnierieal r(*lationship 
hetween speed aiul distance* in the tahle. 
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[ielow is a list of iIk* planets, llieir average (lisUnices from llie 
sun, aii(! llieir av(»rai^e orbital sikmmIs. The lahle may he (hrplicatecl 
and hatuled out to each pupil for ihv purposes of (dit^eking liis 
lal)h» arid for furtlKM* diseussion. 



Planet 


Average Distance from Sun 


Average Orbital Speed 




(a.u.) 


(mi/sec) 


Mercury 


0.38 


30 


Venus 


0.72 


22 


Earth 


1.00 


18.5 


Mars 


1.52 


15 


Jupiter 


5.20 


8.1 


Saturn 


9.55 


6.0 


Uranus 


19.20 


4.2 


Neptune 


30.09 


3.4 


Pluto 


39.50 


2.9 



3. .Aecordini^ to the t(»xt,an asteroid whose speed is half thai of the 
earth must Ix^ 4 a.u. from the .sun. To find the orhilal period, use 
the formula = Pi So 4 X 4 X 4 = 64 and die s(|uare root of 
64 is 8. Therefore the orbits! period is 8 years. 
I. The orbital sptM^I would be zero. The fartlier out iin object 
orbits, the lower its speed. An ohjeet infuiitely far would liave 
no orbital spt^ed. 

5. The (d()s(M* to the stm, the ^rt^aler the averag(^ speed. The ()d)il 
should br eircidar so die o\)jrci will not strike the sun at 
p(M-ib(di()ti. Orhitint^ at the sitrfaet^ of die sun, an object would 
have a velocity of aboitt 270 mi/sec. At that distance, however, 
all known objects would be vaporized by the sun's heat. In 
actual practic(% an object would have to orbit somewhat farther 
away from the sun. A.s a result, it would also move more slowly. 

In reviewing this chapter with yom* class, it is advisable torecapitwlate 
the ('(Mitral ihcnies carefully. For yoin* ref(M-euc(% tli(\sc llienies are 
snnuiutri/ed \\cvc: 

1. Tlieory cannot advatuu^ beyond a certain point, or degree of 
refineinent, until fresh and more accnjrale data iuv obtained. In most 
.sciences, the data art^ obtained by doing experiments, bi astronomy the 
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(lata arc ohscrvalional rather lluin cxpcrirricnlal. Tlu' advances made l)y 
K("plcr (Icpctulcd ou (lie data collccli^d l)v Tvclio. 

2. Ki"i)l('r is an cxctdlcnt cxatuplc ul" the itilcrprctivc scientist at 
WDrk. lie was a tnan of wild and larieirid ideas, hut he always drew the 
line; il llie eonsequetiees of his ideas didn't lit the I'aels. Ik* rejected 
his ideas — not the Taets. 

A. Kepler's llwee laws of planetary motion deserihe ihe orhils of 
the planets sueeessi nil . and we still use diein todav. 

a. The orl)it ol a planet around the sun is an ellipse with the 
sun at one lorus. 

I). A planet moves alon*; its orhit so that the line joiiiin*; the 
phniet to the sun sweeps out e(pial areas in (Mpial limes. 

e. I he s(|uare of the orhital period ol a planet is pnjportional to 
the enhe ol its averaj^e distance Irom the sun. 

d-. K(*|)l^cr'^ tliird law rccpiircs a planet closer to the sun to move 
laslcr tlian one farther out. This cotiscipjcncc ol the third law lits 
nicely witli llic •general (lopcrnican scheme of a sun-c("ntercd universe 
that is iihle to ("Xplain the rctro^M'adc motions of the plan<*ls. 



Supplementary Activities 

[^p SUPPLEMENTARY ACTIVITY 6-1 page 68 Draw a straight line 
12 inch's loufi. With a protractor, measure oif I de«;rce. Draw a 
second l2-itich lin(" to lortn an an»;le of I dcirrcc. Draw a line 
connectin*; hotli sides of the an*;le. 12 inches iVom the vertex. Ask 
the students !o use their tenths rulers to measure the lcnfz;th of 
the vertical line. It should he 0.2 inches lout;. Kemind your stu- 
dents lluil this is a 1° an»;ular separation at one loot. 

Mow lon*i: would the vertical line he if the an^le were l/IOOthofa 
dc«;reeV The line wtiuld he oncduuulredth the si/.e of the present 
litjc. or al)()ul 2/l()()()lhs (.002} of an imdi. If a strand of hair is 
held t)ne loot away I'roin the cy<'. its an>;ular width is ahont l/l()()th 
ol a de»irce. 

[^p SUPPLEMENTARY ACTIVITY 6-2 page 72 The prohlctn of In- 
ner and Outer can he deinotistratcd witli a chalkboard workup at 
the same time Hie pupils arc tnakin^i: replicas of the orl)ilal sweeps 
at tlicir desks. Working; on l)y I l-itich paper, pupils «-an make 
two concentric (drclcs of about 2-ineh and 3-inch radii, rcspcc- 
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tivdy. On the cluilkhoanl, soiiiewlial larger circles should he made 
with distances in the same proportion. If an overhead projector is 
available, this device is particularly well suited for a demoiislra- 
tion of this activity. 




Cut out angles of 60^ and 36^ to fit on the circles to represent the 
an^iular distance Inner and Outer travel in 60 days. Choose two 
points even with each other on the circumferences as starling 
points. Mark th(Mr positions with zeros. Next, use the cut-out 
angles to mark the positions of Inner and Outer after 60 days. 
huuM' will 60^ from its starting position, and Outer will be 36^ 
Irotn its starting position. Mark each ne.xt 6()-day period in the 
same manner as the fir.st. Remember to start from tl^e position most 
recently marked. Find out how many days will pass before Outer 
returns to its starting point. (Outer will need 600 days.) 

The illustration above simply 'iirirficates the patterns of motions 
of hmer and Out(n\ Plots have been made for only a 240-day span. 
Encourage your students to finish the plots of positions for a 
complete orbital period. 
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Below is a coinplclcd lal)l(» of plots for the two plaiifls. 'Yhr laMc 
is iiilfiuled lor your n^fcrt'iu-' only; il will help ^uidc your slu- 
(leiils as llu'y coinplelc llicir plots of tlu^ planets' positions. Have 
lli(» boys and ^irls (•()in|)lfl(' their own eharls IVoni the diagrams and 
laels presented in the activity in the |)Upirs edition (paj^es 71-72}. 



Position 


Days 


Degrees from Start 








of Inner 


of Outer 




0 


0 


0 


0 




1 


60 


60 


36 




2 


120 


120 


72 




3 


180 


180 


108 




4 


240 


240 


144 




5 


300 


300 


180 




6 


360 


360* 


216 




7 


420 


60 


252 




8 


480 


120 


288 




9 


540 


180 


324 




10 


600 


240 


360* 




*orbital period 



SUPPLEMENTARY ACTIVITY 6-3 page 73 If your students have 
sidliciently developed skills ol' eoniputation, they will he able to 
ealeulate orbital periods. The calculation for iMars is ^iven as an 
example here. Computations may he made for the other known 
planets. 

For Mars the loop-todoop lim<» is 780 days. From the sun, earth is 
seen lo forge slowly ahead of Mars each day, until it linally over- 
lakes Mars onee again 780 days later. Earth iias gained a lull lap 
on Mars: it has traveled one lap farther. So earth has gained a 
full 360° on Mars. 

Karth took 780 clays to gain the 360°. How much did earth gain 
each day? liarth gains ]/780th of 360° (0.46°) each day. Or we 
also say that Mars falls behind 0.46° each day. 

From the sun the earth would be seen moving against the stellar 
background l/365th of 360° each day (0.99°). While earth moves 
0.99°, Mars seems to fall behind l)y 0.46°. So Mars' rate of speed 
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must \u* 0..^;^° a^ainsl tlw* sh^llar l>ark«;roU!i(l (*a('h day. hi 100 
(lays Mars svill most* a»;ainst tin* stars. In 200 days it will 
mos (* lOCi", 

Now the prohhMii is to lind hoss many Inuxhvds ol d.iys Mars will 
lakr to mt»\r .'U)0°. This is easily loiind usiii*:; decimal IVartions. 

.HOO-.' .53 = 079 (lays 

This .alcidation indicates that Mars takes 679 days to complete 
its orhital period around die sini. The hjj;»re as ealeulated does 
not completely af^l•ee\vidI that in tlu* hook |687 days). Ask students 
w hv there seems to he a differenee. Actually, there has heen some 
approximation ol nand)ers in the an>!;ular rate rf Mars, For the 
purposes of the {)rohleni, the calculated answer (679 (hiys) is 
willMH n^asonahle limits of accuracy. 

SUPPLEMENTARY ACTIVITY 6-4 page 77 Here is an int,-ivst- 
iuf^ characteristic ol ellipses to investigate. Pick a point on an 
eliipse jPi). Measure the distance from Pi to each focus. Add the 
two distances and record tlie ^^•^ure. Now do the siinrc for two 
other points, p2 and Pa. What do you notice ahout the sums of the 
distances? (If vour students have measured curately, they should 
lind that the sums of the distances are always die same for one 
ellipse,) W ill the smns he the same in other ellipses? Encourage 
your students to nicasm*(* an?' Inid out. 

Kmphasizr that each planet has one • cus of its orhit at the center 
of tile sun, hut that each of the planets has its own second focus. 
The empty focus of a planet is at a different point in space than the 
empty focus of any other planet. 




CHAPTER 7 



MORE ON MOTIONS 

pages 92-112 

This liiui! cluiplt^r of The Univrrst' in Motion is conci-rnt'd nuiinly with 
the ohsened motions of stars niul gnlaxies. Students learn that most 
stars move in random direcnons in a nearly straight line. They will 
hnd that the sun is moving like a typical star. The hillions of stars in 
the Mdky Way galaxy are revolving in Inige orbits about the gnhietie 
center. Students find that all known galaxies of the universe are in 
motion, rushing apnrt at enormous velocities. On the grandest s(»ale, 
students begin to conceptnnlize motions in the entire known universe. 



Main Ideas 

1. Viith the aid of ttde.scopes, scientists have systemntically oh- 
served celestial objects beyond the solar svstem. 

2. Observntions made over a period of many years luive provided 
inlornuition nbont the motions of stnrs imd galaxies. 

^. Kepler's laws of phmetaiT motion are applicable in binary star 
systems. 

I. On the average, stars in our galaxy are separated by a distance of 
about four lighl-vears. 

\\ itii respect to each other, most stars in our galaxy are moving 
in a straight line in random directions. 

6. As part of a galactic .system, stars orbit aronml lh(* center of 
the galaxy. 

7. Astronomers see a star or galaxy, not as it is toda)', but as it was 
when its light was emitted. This may have been billions of years ago 
for a distant galaxy. 

8. Galaxies are moving away from one another ul different velocities. 
The combined efiect of these motions supports the hypothesis that 
the universe is expanding. 
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Suggested Materials 



♦;raph paper cotUm-tippfd sticks lialloou clay stria*; 
paper 



Suggestions for Teaching 

FAR BEYOND THE PLANETS 

pages 93-94 

Tilt* (|iiestiuns round at tlie top of pa^^e 9'A are not meant to be answered, 
Nat serve merely to lielp studtMUs develop a perspective for the evolu- 
tion oi ideas td)out tin* universe as accepted in the times uf Ptolemy, 
(loperiiicus, and Kepler. Since Keplers time, man has drastically 
nuxlihed his view t)l tht* univj^rsc*. 

BACKGROUND INFORMATION The new conceptual ideas of the late 
1500 s seem to have begun ivith the speculation of Thomas Digges of 
England that the stars might be suns ovi-upying three-dimensional 
space, Giordano Bruno of Italy liked this idea, too, and speculated that 
there might be men living on these stars or on other far-away bodies, 
Bruno wiss declared a heretic and ivas burned at the stake in 1600, 

R el ere nee is madt* on pa*;e to several ways in which (h^ta alioiU 
stars are obtained. One method is meiisuring a star's parallax. This 
nu*thod ol measuring distance was developed a! Ien<^th in Book 1 of 
this series. Charting the Universe, In Book 4, The Message of Starlight. 
students will learn more about how starlight provides (dues to the 
composition a»ul temperature of stars. For the present, you may wish to 
point out to your class the relationship between stellar temperature and 
color. In t^eneral, blue-white stars tin* hottest. Red stars are cooler. The 
colors of stars *^iv(* scientists clues U\ ih<Mr surface temperatures. 

Page 93 This activity is intended to develop the concept of 
random distribution. This concept is useful for visualizing stellar 
distribution in a r("pr(\sentativ(* ret^ion of space. 

Two ways of obtaining a random distribution of nu miners are 
described for the pupil. The telephone-directory method works 
particularly well. Using this method, students will (jbtain com- 
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plclclx (lillriviit miinl)(M' pniis. As llicy plol llir pdiiils, llicir 
graphs (wm he (MWiiiKirfd to src liow a ruinldiii (lislrilmtinn Wnwnl 
l)\ one pupil romparrs uilh tlu* laiitloin dislrihuliiMis louiid hv 
nllhM- pupils. Kmpliasis sIkuiU I)«' plarcd on dir fact thai ifa pupil 
sch'cts a particuhri'. mu'IImxI. Iir should usf ihr same method 
(•onsi>triitl\ ill choosing all hi> nuiuhcr-pairs (Voni the ttdc- 
phout' hook. 

\\ hen fonipariui: plots ol" nuiiihcrs pick^'d at random, studtMits will 
SCO that MO two uraphs look o\acd\ aliko. Wnwls may ho (doso 
toL'olhor tiooasionally, hut uu ilw average thoy arc soparalod from 
one aiu>lhor h\ >iuiilai distancos. 

A lii:ht-yrar is tho distanoo li«:h: travels in a >'car. It is ahnut () trillion 
nnlfs or ahoul (k^.OOO a.n. At ai av-irc^'* separation oC d)out I li^ht- 
yoars, sLus aro approximated) -!.';(),OtH) m.ii. apart. 

THE MOVING STARS 

pages 95-99 

Tho fssomial reason that the map oi >tars (daan;i<\s so slowly i.^ t!iat the 
movin^ii star> le\eopt lor tlw* sun) are e\tn nu-i; ■M-;iwav. In the v-xaiaple 
t^iven on i ;i«:e ^>{u d jet plane flying at li;>-.h i']li'e.Mie would setMU to move 
aeross the s'^^■ M a very slow spc(Ml. Xei; * tin' ^nuuid, howe\er, the sauu* 
plane woide' appeal to move a«!:ainst the Maekjironiid with ti'einendous 
speed. In a siinila'' manner, a distan' ^hir may he moviiii^ inanv miles 
per second, hut aii«;nlar lah across the sky would he sni;d| it 
would take vccMs Io delect the J^.ua^eti ,jesiti(>n. In addition, par'l t \ 
tile motion cU^v star may he lownrd or auav from the ahservcr. T!.!-^ 
motion ina> r.'*! \n- sreii as motion across ihe face of llu sky. 

Hritihter stars. t>M the luera^e, a: closer to the ohs^ i- cr than star>- dial 
appear lainl. As a resn'i!. th.* hr'.^hler st:. s apjK-.ar to iiiove at a ^realer 
rate ol anjiidar motion than fninter sta.-. The <*\planat:f>ii ior these 
ohserved iliilcrtMices in molion i.^ dcvt-loped later in this scclu^n. 

Page 97 Tli- acln ity al the ;op ol th." p;:ji( is in.!end(Ml to ludp 
sfndeiils \ isuuli/e the relau\ ( motions of a nea:h\' and a more 
dislanl ohjeel. il is easier tlislia»iui>h hclwec!^ ihe pencils if 
tln*y are dilT' rent colors, h\ arhlilioii, ihe pencils will he held 
slead\ if lhe\ are tape(! tlu* etcds of a 12-inch rnler. The oh- 
servcr >honld >tand a I'lllc ('islaiiee lo the side of the walker's path. 
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The ulisiTvcr will mWict' lluit Ihr iicuirr prnnl cms to hr 
' alriiiiif: up wilh iind |uissiii«; llic farther pencil. In nthcr words, 
ill.* nearer pencil has a ^M»-alcr un^idar rale nf nM»venient. I'oinI 
nnl )li..t ihe nearer pencil lias the stnne vchicity as ihe other 
peih il. It siniply appears to nitive fasler hecause it is closer to 
the oh'^fM'\er. 

In the second part of the activ'ty, vach ohser\ er will see the pencil 
chiser to him move at a faster an^nlar rate. 

Page 97 This activity is desiirned to help stndents visnalize tli(" 
essentially random motions of stars. It will als(j reinforce and 
cl.'irily the ridationship hctw("en tlu" distance to a star and its 
apparent rate of angular motion. 

Stnd(Mits should prepare" slips of pa|)er with all c()nd)inati()ns of 
three speeds and directions that ini-lude the cardinal compass 
points and tin* four points hetwcen th(* cardinal points. For 
«'xamph^ 

N\\ slow i\ slow NE slow 

,\\\' medimn N incdiiiin NE medium 

NW fast N fast NE fast 

iu nil, there should he eiidit directions with thre^» different speeds 
for each (lire(*li(m, making a lotal of 24 slips. Make two com|)lete 
sets, a total (»f 48 slij)s. 

I^cfore choosinii the first ^ronp of ''stars'' (half the class), make 
c(M*tain that all yonr stndents know the directions and that they are 
a^re(Ml on the nu\inin^ of "fast," ''medium," ir.u\ ''slow." Prepare 
tlu^ other pupils for more ae(*nrate ohservations hy asking them to 
notice particularly the nuHions of near and distant ''star.s" against 
tlie hackground. Proceed with the activity as described on pages 
97 and 08. TIkmi liave the "stars" and the observers change places* 
Aft(M* eveiyone has had a chance to be an observer and a "star," 
«:ive your stndents ample opportiinity to report and discuss their 
observations* 

Tile following ohservati{Mis are liKely to he made in this activity. 
Oth(M- things IxMUg equal, the slower the speed, the slower the 
angular motion against the background. And other things being 



iMjiial, thf CarlluT away llir star, iUr slower rate iA' an«;ulnr 
inolitMi. Also, stars moving lowani or away IVoin llit* olisfrvcr liavi* 
slowiT rat<*s of aMfiiilar motion. 

To SIM' what llir Croat Siinarc oC Ponasiis will lt»ok liko 2()(),()()() yoars 
in llio (utnro, stuilonts can placo a small s(|iiarf of tracing papi-r over 
the illustralio!) on i)a>!;f Tell lliom to mako a mark at the tip oC riwU 
arrow. Then have thrin conipari' the sluifx- oC the future eonstellalion 
with the shape lhat is seen at present in the sky. The two eonstella- 
lions l)«*ar little reseuiblanee to each other. 



Pegasus today 



F-^^.- .-ii^ in \nOC years 



Workin*; on this [)r()I)hMn provides anotlu*! -vp; /-tunity to reinforce 
your piipil.s' understandin*; of th«' ndationship lv*l\v( tMi ivj)par' ^.it angular 
motion and distance from the earth. Looking at their tracing paper, can 
pupils tell whicdi star is prohahly closest to the earth? Ask them to 
explain why. (The star with the greatest angular motion h probahly the 
closest.) Which star is farthest away? (Most pupils .^i!l pick the star 
with the smallest angular motion.) In nearly all cases jljey vould he 
correct. Hut without additional information they cannot tell whether a 
slow star is moving chielly toward or away from the earth, hi these latter 
instances its actual vtdocity may not result in a fast angular rate 
across th(* skv. 



II pupils assume that the direction and rate of motion of the stars of 
Pegasus remain unchanged, in a million years the four stars will not 
l)e recogniz(*(| as meinhers of the same constellation. 
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DOES THE SUN STAND STILL? 

pages 99' W2 

Tlir ri'\'rr\ nnlril liy llnsrlicl (pa^rs *)W-l0(|) niay 1m' (lilliciill lor siunr 
shidnils U) visuiili/r. Tln» aiialntiy nl a litis oi aulninoliilc riflr will 
jiivr llnMu a nin^^li rxaiaplr ul llirst* innlions. TUr aMal(»«;y is not \u Mcrl, 
hnwfvn-, lor \\w stars lluMMsrlvrs aiv in nuUioii, wluMvas the Icatuivs 
(Ml llif laiKlscapf outsielr* the luis air lay the hujsI part staliDuan', 

Page 101 T\\r (jWsrrvrr's rye in this activity should hr at desk-top 
lf\ eh As the ohsciAcr mhjvcs "toward" tho stars, ihtn seom to !»♦• 
scatlrriu*; apart. Stars ou the sidos scatter the «^rcatcst distancr. 
As the ohservcr iMo\ cs "away" IVoin tlir stars, the stars seem to 
move together. Stars on the sides move to«;(Uher most rapidly h 
is important that eaeh slii(hMit have an oppMirtimity to ohserve 
this elTeet. 

Page 102 \\ hm vour pupils u,, l.aek to the schoolyard, they all 
(haw slips and station th(Mns(dves a •^(mhI distance Iroin one 
another. On sit^nal ihey will walk afcordini; to the directions on 
tin* slips. They will he watehini; all the other "stars." They should 
notice that ou tlie a\'era«,'c the other "stars" seem to he movin<^ 
backward against the hack^^round of trees and hu'Mi !«:s. The 
greatest ellect is noticed directly to the ri^^ht and h ^ the oh- 
server, ^)if on cither side of the direction in which ne is walking. 

STAR-PAIRS IN MOTION 

pages 102-103 

BACKGROUND INFORMATION Of the 60 nearest hiown stars, 9 
are in three trios. 24 arc in tteelve pairs, ami 27 arc isolated Thus 
these 60 stars nut) he considered as 42 systems, Tliese systems are dis- 
trihnied at random, with typical separations between nearest neighbors 
amounting to four lif^ht-vears. 

These points shoidd hi* covered as your class distnisses the two 
(juestions at the hottoni of page 103: 

1. There is little likelihood that the sun is a member of a slar-nair. 
Another star like the sini, 1000 a.u. (hstant, would be about as 
bright as the full moon. Of course, no such star has been seen. 
The only condition under which we would fail to detect such a 
star would be if it were very distant and subluininous. So to the 
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hrsl of prcsriil kiinvvlrdf^r llir sun is an isohitrd sliir, iiuu iii;' in its 
nwn dirrclion nl n (mmisIuiiI vclnrily. Ilowrvcr, llir sun is, nl' 
cnnrsr, nllcmlrd l)y n ritmily nl" phuH'ls. 

2. Tlirrr i> no known <lan«;n' ol' rollision in llir nr\( liinHlrrtl uniis. 
Tlir >nn iiio\rs iil ;i vclorilv ol iilutul \2 nii/.^cr, which is ron^hlv 
jMpiivah'nl (o I n.n. a yt'ar. hi 100 yrars il wonhl inovo 100 n.n. 
h'oni ils present position. Any star at that distance wonhl cer- 
tainly he noticed even il" it wci'c an (»xlretnely small and suh- 
hnninons star. 

The main point to he made is that space is extremely empty. The . l.iis 
occupy ahoMl I part in 1 ,000,()00,00(),00(),0()0,0()0,()00 of the volum<' ol 
space. The odds are something like one hillion to one a^uainsl the .^nn's 
colliding with another star in the next lew hillion Ncars. This model may 
he contrasted w ith the lact that a sin>;le molecule in the air of the class- 
room has several hillion colli.sinns with ollu niolecnles every second. 

THE WHEELING GALAXY 

pages 104-107 

\ conceptual dillicully may arise when students lind out ahout the 
relalive motions of stars as memhers of the ^iilaetic system. Students 
learned that isolated stars are in strai»ihtdine motion. Now they (ind 
that slais are in a .uiant orhit around the center of the «;ala\v. Mow ciui 
diis he explained? Teachers will reco>;ni/.e that the (Vanm of relerencc 
in each situation is dirrcrent. Previously pupils viewed stars in relation 
to a lew stars around diem. Now they arc visuali/in*; stars in ndation 
to the entire galnw . 

\ uselul anaio,i;\ for students ml^iht he to preiemi that they arc on a 
very lar^e, fast r.icrry-«;()-roiuul. if students iU'c movin>; at randoni all 
over lh(» nmrry-»;o-roun(L their individual positions relative to oiu' 
another will chan«;e. With respect to otm anotlwr the\ will move in all 
tlircetions. But tlu* overall elTcct woidd he that all pupils are movin>; in 
ver\ lar«;e circles, in the same >;eneral directioti, rehuive to the center 
of tile merry-»;o-round. 

An e\p!.^ :ition is offered on pa»;e 105 for tlu* fact tliat oiu* apparent 
motic^n is in a strai^lit lin(% hut that our actual motion is in a lar>;e 
curve<) patli. It is su^^csted lliat this concept he examined more 
carefidly. Help your pu|)ils to luulerstatid [\w contrast l)<'twt»cn strai«;ht- 
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line motion on u (imr scmIo of coniui ics i\\n\ (Mirvnl motion on a scalr of 
milli(»n^^ ol" y<Mrh, Tlir lollowin*; jhMivily is int(*n(l(Ml lo cliniiy 
misnndm stunllin^^.. 

2P Page 106 In this activil), pupils can Hiaw i\ part ol ii v(mv Inif^c 
cirrlr. Tins is hrsi dnnr on llu* play^iouihl or in ihr «!;yinnasimn. 

a pirn' of siring 1(H) I'm lon^. It niay hr shorter il" spa(M» is 
liniilrJ. Tir onr r\n\ of tlir strin>; nrannd a pirc^' of chalk. The 
ulhcr rnd will Ur held hy n child alxMit 100 led away. The slrin*; 
should he pulled li^hl and an arc of the einde drawn. The arc 
should h(» at least H lo 10 feel in leii«;lh. 




Use a yardstick to measure olT scj^nienls on the circle. Start with 
6 in(du'S as the smallest segment. The next sc*j;ment should he 
12 inches, the next 18 itudi(\s, and so on. Ask students todescrihe 
(he shape oi the 6-ineli se^menl. Does it appear to he strai«;lit 
or curved? What will they ohserve about the shape of other 
sej^ments? A fairly lar^c segment of the circle must he seen lo 
nolice its cnrvalure. The yardstick will not he lon^ enou«;h. In- 
stead, use another piece of slrini^ slrctehed li»^htlv hctween the 
ends of the se*;menl. 



FAR OUT AMONG THE GALAXIES 

ivinjiiiiilri' (>f llu* hnok, yniir piipih^ will \\r i'(Niiliii|; uihI thiiikiitf; 
ahoul lh«' laij'.c^l kimwn iniils iu ilu» iiiu\t'rsi', Tlir iimlious ^nlaxirs 
iuv tu ^ninc j'slriil ;in;ih»;ious (o (Ik* nioiidiis (il sliiiM. p\rt»|il (luil (lis- 
liiiu'r^ and \rlnrilirs ai'r am(*li f;rt»alri', hi ^;('n('raL ^;ala\irs do nnl 
rnllidr, \\ lirii rdMiNinn^ of f;ala\i»'s do occur, llic nIius oI one i^alaw 
\)\ dir slais ol \\\v odior t^alaw uidioiil acliial roNisioii ol llir 
iiMli\ idiial ^tai>>. 

BACKGROUND INFORMATION l,sifvntmirrs shidy ^uthtrlic colli- 
siotis with thr did of rinlio lrl('S(•^i|it's. W livii ^oloxirs orr in collisiofh 
sjurial rodio icorrs ore prodncrd. Scirnlists on tutrlh luitv Irnrnrd lo 
(inttlyzr thr uidio sii^mds t/.s' (/ (7//r lo ivluii lias hapfirurd hriwvrn iltr 
ij^aht.xirs hillions of Hf^hl-ymrs ainiy. 

THE EXPANDING UNIVERSE 

pages 109-110 

Thr slorv oi die rxpaiidiiif; universe is presented here in a d(^serij)live 
way. AslnaioMiers are al)le lo esliniale run-away speeds of >;ala\ie.s liy 
analyzin*; dwir speclra. Students learn how this is done when they 
study the Dopplcr elTect in Hook I of this series, 77/r Message of 
Starlight. 

Il should he made clear that the expansion is a statistical, or av(Ma*;e, 
elTeel. Any one <^ala\y will find a lew oi ils jiearest neighbors (four out 
ol' ()()() ioi' our own >^alaxy) approaching. Hut on the avtMa^e, the reces- 
sional velocities are proportional to distances. Kach •nalaxy moves in a 
strai>;ht line* in a random direction at a typical speed of 50 lo 100 nii/se(; 
relative to its sinroundini^s. Superiiupo.scMl on these small random 
motions are the nuu h lu«i;^er systematic expansions oi «ireat parts oi'lhc 
universe away irom one another. 

Supplcmenlary .Vclivily 7-1 may he usoi\ here. 

Ia«;ht irom tlie ^^alaxies niay lake millions or hillions oi" yoavs to reach 
the earth. To the astronomer this poses ( hallen>i;in>i; prohlems. He is 
seein»; I he >;alaxies as they were when ihe li^ht was emitted. So the 
iiiiormalion is ancierU history when it <>;els her(\ We may he studying 
the light of some galaxies that have long since changctl. 
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THh: UNIVERSE IN MOTION 

(Wjort /////;' 

I li Ir \y\ il hriol sumtliui'N nl \\\v (lr\ («l(t|)l))(Mil dI iihoill (lir lnolioli^i 
i>l asiKMiDiiiirnl nhjcrUi hcviMid lli<» solar synhMu: 

1. Alirr K('|»I(M nrhi(»v(Ml his iviiuirkuMy huccrshlnl ^h^hcriplion ol' 
iimliouM in \\\r sohii sy^lcm. llu* i\os| iMCMklhroiifAli nu luotiuns cdn- 
rcmcd ihc slurs iIh'imscK cs. 

2. lliillcN «lis('n\rrtMl in 171(1 lluit snir.s llicniscK niovr; nn \tn\y,^ v 
<'<MiM ihc map nl lltr ^|^y \)v wyjwdvi} {'i)yu\)\r\v\\ nn<l nn* 
rhnnf^iu^. 

■ iij till' ri'Ahlrrnlh ccmIuin, in I 7M:I. Ilnsrlicl lonnd \\u\\ ihr 

snn, likr nilicr sUu^, i*. also mn\in^^ (irathmlly llio piclinv oT sicllnr 
niolions rnirrH;(Ml: The ucarl»y slars uiovr anion^ one anolhrr in random 
diivrlions al \nrious speeds, \sil|i a iNpical sprrd of 10 or If) mi/sec, 

I. In llMYA liorsrliel also discovered that Kepler's laws nvr appli- 
eahle I'ar heyond ihe solar system. Here and tlieic in onr t^alaxy are 
donlile slars, and lliey move aronnd one anollier a('eoi-din«^ lo Kep- 
ler's laws. 

r^. The home j^alaxy is an enormous colleetion of ahoul 100 hillion 
slars; eaeh star iuon es in a «^it^anlir (Mi)il aronnd llie center ol" the 
•iaiaxy, taking hundreds of millions of years lor each re\()lulion. 

(). The system of f^alaxies extends as far as we can prohe. The s\slem 
is expanding:: the larlher away a galaxy is, the greater ir. il^ out- 
ward speed, 

7. As liu' as asliMuonn'rs can tell, the universe of galaxies looks 
nuadi the same wlicllier yon study it from here or froni other galaxies. 

II is a g(>(wl working hypothesis that no matter where you are in the 
iniiverse you see galaxies all around you oiM to great distances, and 
that this universe of galaxies is expanding. 

BACKGROUND INFORMATION Tlw liir<xvst optical tclcscopv in thv 
world is the Hole rvjhrtor (it Mount l^olonuu\ Cnlifornid: the (lianictrr 
o/ /7.S- mirror is 2()() invlirs. It run photoi^rdph ^(ilaxivs scrcrnl hillion 
liiiht-yvars away. Thr lar^^rst refrartifi^ tt^lrsropr is at Yrrkrs Observa- 
tory. \l illiants Hay. Wisconsin. Another means of /i^atlieria^ evidence 
from ^reat reaches in space is the radii) telescope. Radio telescopes 
have also prohed hillious of li^ht-years into space and are now ^atherini^ 
endence to solve fnadamental /)rohlenvs. Men an* (dso huildin^ plat- 
forms for ohservini^ the universe from space. Now that the Jirst daring 
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ifhtuinhnnn nunlr siilrllifrs n//i/7////' iln* nutli mal (hr ,s////, 



Stipplomontary Activity 

)91JPP|.IHMENTARY ACTIVITY *M (uujo no As a umixU /iimli.f-). 
I»I»»N\ up il l)all(MMl ruMMril Willi \Ui\>: \NSimir tlliil riirli dn) has n 
^\o\s laiMloni ninlinii. hrspih* this raiiihtin nidtion. llx* nvnull 
i'Wrrl will hr ihr saiur. \^ ihr halltMUi is hhiwii up. rarh (lul will 
hf moving; a\\ii\ IVniu iMi'li uthrr dot. Ailjacriit dols will aiuvr 
a\va\ Iroiu rarh nllirr somrwhal shtw l \ . I )nls srparaUMi I j\ a ^rralrr 
(hslaiirr will inovr apart niurh iiiurr tptirkly. 
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PRONUNCIATION GUIDE 



AI(M»r 
Aldchanui 

Al|)lia (!(MWatiri 
A I lair 

Andronu'da 

Aiilans 

Aciiiarius 

A(inila 

Ara 

Arciiinis 
A rios 
Aiirii^a 

Bootes 
Bralie 

Canis Major 

Canis Minor 

Canopiis 

Cai)ri('ornus 

Cassi()|)eia 

Castor 

Centauri 

Cental! viis 

Cepheus 

Celus 

Columba 

C(;pernie us 

Corvus 



AY-k<M'-iiahr 

ahloilK 

al-l)Kl)-(MMiii 

Alr^ol 

Al^-fa Hcn-'r0HK-<7f 

al-TAII-oar 

an-nuoM-nh-cluli 

au-TAUIveez 

tdi-KWAHE-ee-us 

AK-weli-liili 

AY-ruh 

nrc-TOUR-us 

AIR-eez 

aw-RYE-guh 

BET-M-jooz 

boh-OH-teez 

(see Tyclio Bralie) 

KAY-nis MAY-jer 

KAY-nis MY-ner 

kuh-NO-puss 

cap-ra-CORE-nuss 

KASS-ee-oh-PEA-uh 

KASS-ter 

sen-TORE-eye 

sen-TORE-us 

SEE-fee-us 

SEE-tuss 

koh-LUM-huh 

cuh-PER-nick-us 

CORE-viiss 





KIUIKS 




SKrUHHH 


|)<'lplnnus 


del-FINK-UH 




DKNiiK 


|)riirn 




Kri<hiiuis 


il)-|{ll>*el)nusH 


I'onutlhaiK 


K(>-nud-li<Mi( 


()alil(M) 


f^al-eh.l.AY-(di 


Cnnini 


(iKM-eliMUjiili 


Oriis 


c;uuiiH 


llallry 


lIAK-ec 


lltM'schrl 


MK!l-sludl 


1 lippunhns 


lii-I'An-ciisy 


llyadfs 


lUGIIuh-deez 


Hydra 


HIGH-druli 


K(^|)l('r, johaaat's 


yoe-HAHN-ess KEPde 


Lt'pns 


LEE-puss 


Lihra 


LIE-hridi 


Lii 1 >u.s 


LOO-puss 




LIE-ruh 


Mizai 


MY-zar 


()|)hiiic'luis 


oh-iVe-VOU-eiuss 


Orioti 


oh-KYE-un 


Pe*;asus 


PEG-uh-sus 


Pers(Mis 


PEK-see-us 


I'hoenix 


FEE-nix 




PIE-seez 


I^iscis Austiiniis 


PIE-sis aw-STRY-nuss 


Pleiades 


PLEA-uh-deez 


Polaris 


p()h-LAF(E-iss 


Poliux 


PAHL-uks 


Praesepe 


preh-SEE-pee 



\ 



Procyoii 


PRO-stM'-on 


I'tolemy 


TAHL-elwnee 




REG-yon-lns 




RYE-jull 


Sa«^ilta 


sa-JIT-eli 


Sa«;ittnriiis 


saj-iIi.TAREHH»-iis 


ScoriHo 


SCORE-i)(HM)h 


Srr])tMis 




Sluipley 


SHAP-Iee 


Sirius 


SEER-ee-us 


Spica 


SPY-kiih 


Taurus 


TORE-iis 


Trian«;iiluiii Anstrale 


tiT-ANGH-yoii-Iuin aw-STRY-K 


Ty(!li() Bralie 


TIE-kor BRAH 


Ursa Major 


ER-sa iMAY-jt-r 


Ursa Minor 


ER-sa MY-ner 




VEE-»;iili 




VUK-*io 
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